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PREFACE. 
0-40 o— 


(PHS book is a Classified Collection of Information, Data, 

Formule and Tables likely to be helpful to designers 
and investigators in Radiotelegraphy. The subject matter 
is, for the most part, presented in very condensed form. 
Nevertheless, leaving aside the Tables and Formule, the inten- 
tion has been, not merely to set out a bare statement of observed 
and recorded facts in easily accessible form, but also to give 
brief accounts of the position of modern thought and specu- 
lation; and this without allowing the work to become a 
diffuse expository treatise. 

Whenever it has been found impossible to convey full 
information intelligibly without some allusion to principles, 
the necessary explanatory matter has been introduced, but 
has been made especially brief when full discussions are 
available in well-known treatises. 

In preparing the second edition the endeavour has been to 
weave into the fabric of the book concise summaries of radio- 
telegraphic progress as chronicled in the principal technical] 
journals, and to cut out sections that dealt with matters and 
methods of dwindling importance. The author takes this 
opportunity of acknowledging very gratefully the debt he 
owes to the “ Proceedings ” of the Institute of Radio Engineers. 
It is impossible for any author to give a complete view of the 
vast strides accomplished in our subject during the past few 
years without becoming deeply indebted to this invaluable 
journal, | 

The author’s thanks are due also to all those correspondents 
who have been so kind as to point out errors and obscurities 
in the first edition; and to Miss HE. J. 8. Moodie for help in 
correcting the proofs of the second edition. 


W. H. Eccwes. 


May, 1918. 
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Discharge, 84; Forced Oscillations, 86; Coupled Circuits, 89: 
Alternating Current, 96; The Transformer and Resonance Working, 
99; Waves on Wires and Coils, 109. 
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Technical, Experimental and Theoretical—on: Antenne (Forms, 
Capacity, Radiation, Resistance), 116 ; Earths, Towers, Masts and - 
Materials, 136; Propagation of Waves, 148; Efficiency, 173; 
Strays, 175. 


Description of Methods of, and Plant for, Generation of Oscilla. 
tions: Dischargers, 186; Quenched Sparks, 199; Arcs, 214; 
Machines, 225 ; Frequency Changers, 232; Ionic Tubes, 240; Mis- 
cellaneous, 259; the Inductorium, 261. 

Methods and Apparatus for Detection of Oscillations, including : 
Detectors, 270; Ionic Tubes, 288; Beat Reception, 305; Relaying, 
Amplifying, 323 ; Telephone Receivers, 345. 

Design of High-Frequency Circuits, Sending, 358 ; Receiving, 371. 

Descriptions of the Principal Systems of Wireless Telegraphy, 
384-444 ; Directive Telegraphy, 444; Duplex Telegraphy, 449 ; 
Methods of Wireless Telephony, 453; Microphones, 477; Wired 
Wireless, 482. 


GLOSSARY, 487-514. 
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INDEX. 
REFER ALSO TO GLOSSARY. 


Abacs, Capacity of Parallel Strips, 55 
Capacity, Wire and Plane, 55 
Degrees and Miles, 6 

5 Frequency and Wavelength, 82 

' Mutual Inductance, Parallel 


Alternators (cont.)—Heyland’s, 227 
High-frequency, 225-232 
Patten’s, 232 
Telefunken, 409 

Amberite, 28, 29 


Tapes, 65 American Navy Formula, 172 
Reduction of Amplitude by Damp- Ampere, Defined, 16 
ing, 82 Ampere Turn, 17 


Resistance, Straight Wire, 76 

Self-inductance, Straight Wire, 56 

Self-inductance, Go and Return, 
6 


Amplifier, Audion, 338 

Resonance, 341 

See Ionic Tubes, Relays 
Amplitude, Defined, 80 
Amplitude Telephony, 453-455 
Anchorage of Masts, 139, 406, 433 
Antenne, 116-136 


Nelf-inductance of Square, 63 
Self-inductance of Circle, 63 
Self-inductance of Solenoid and 
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Spiral, 65, 67 
Statute and Nautical Miles, 6 
Wave Length of Antenna, 124 
Abbreviations, List, 19 
Abraham, H., 354 
Abraham, M., 126 
Absorption in Transmission, 153 
Acids: Resistivity, Density, 25 
Addey, F., 447 
Adjustment of Receiver, 376, 378, 382 
Aerial Wires (see Antenne), 116 
Aeroplane Telephony, 468 
Affel, H. A., 348, 364 
Air, as Dielectric, 365 
Choke in Marconi Set, 396 
Condenser, Clifden, 368 
Condensers, 432 
Conductivity, 34-39 
Density, 42 
Disruptive Voltage, 34 
Inductivity, 40, 41 
Sparking Voltages, 33-36 
Wires (see Antenne), 116 
Airey, H. Morris, 177 
Alaska Xs, 179, Station, 162 
Alexanderson, 225, 331, 341, 362, 474 
Alexanderson Alternator, 225, Mag- 
netic Relay, 331, 474 


_ Algermissen, J., 199 


Alloys, Data, 22-24, 43, 50, 52 
Almy, 34 
Alternating Current Formule, 96-109, 
Characteristics, 182 
Alternators, Alexanderson’s, 225 
Bethenod’s, 232 
Clarke’s, 232 
Goldschmidt’s, 229-231 
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Aeroplane, 469 

Artificial, Mute or Mock, 139, 459 

as Hertzian Oscillator, 127 

at Arlington, 430 

at Brant Rock, 149 

at Carnarvon, 133 

at Darien, 433 

at Honolulv, 133 

at Melbourne, 436 

at Poldhu, 116 

at Samoa, 133 

at San Francisco, 412 

at Towyn, 133 

Balancing, 450 

Capacity of, 120, 121, 126 

Current Values, 127, 154, 157, 
167, 169; 407, 429, 436, 438 

Currents Formule, 79, 126, 150, 
154, 163 

Damped and Sustained Waves, 
132,-153 

Decrement, 122, 429 

Design, 131 

Directive, 117, 444, 447 

Dumb, 130, 459 

Duplex, 450 

Karth-, 134 

Effective Height, 127 

Efficiency, 173 

Hiffel Tower, 429 

General Remarks, 131 

Inductance, 121 

Kinds, 116 

Loop, 119, 444 

Mock, 130, 459 

Mountain, 133 

Mute, 130, 459 
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Antennz (cont.)—Natural Wave- 
length, 122, 125 ; 
Radiation from, 126, 127, 131, 174 
Resistance, 129 
Resistance Values, 135, 407, 438 
Switch, 407, 473 
Triangular, 119, 445 
Wave-length, 122-125 
) Wires, Tension, 145 
Aperiodic Discharge, 85 
Aperiodic Secondary, 374 
Arc, and Spark Comparison, 153 
and Glow, 198 
as Generator of Oscillations, 214 
at Arlington, 433 
at Darien, 434 
between Moving Electrodes, 224 
Characteristic, 201, 216, 217, 220, 
221 
Circuit Proportions, 219, 221 
Colin-Jeance, 459 
Combination of Ares, 225 
Constants, 39 
Data of Circuits, 216, 219, 221 
Duddell, 216 
Efficiency, 174, 221 
Equation, 39 
Federal-Poulsen, 100 kW, 412 
Fleming, J. A. 222 
Frequency Formula, 202, 218 
for Telephony, 218, 459, 460 
Mercury, 222 
Musical, 215, 216 
Oscillation Theory, 215 
Poulsen, 216, 220, 416, 458 
Theory, 220 
Types of Oscillating, 214 
Voltage and Length, 39 
with Liquid Electrode, 462 
Arco and Meissner, Endodyne Circuits, 
309 
Magnetic Control, 476 
Oscillating Tube, 248 
Receiving Tube Circuits, 303 
Arithmetic Decrement, 198 
Arlington, 151, 154, 157, 167, 430, 463 
Time Signals, 5 
Armatures of Condensers, 366 
Armstrong, E. H., 185, 251, 300, 311, 
313, 314 
Arno, R., 196 
Artificial Antenna in Telephony, 459 
Artom, A., 444 ~ 
Atmosphere and Signals, 154, 161-5, 
169, Constitution, 162 
Atmospheric Electricity, 133, 163; By- 
pass for, 371, 389 
Atmospheric Refraction, 169 
Atmospherics, 175 (See Strays) 
Atomic Weights, 42 


Attenuation, Daylight, 150 
Night, 153 
Spark Waves, 151 
Audibility Factor, 149; Unit, 152, 154, 
308, 312, 353 
Audion, 255, see lonic Tubes 
Construction, 254, 255, 256 
Audion Amplifier, 338 
Audion, Gas-filled, 312 
Audion, Oscillating, 249, 468 
Austin, A. O., 144 
Austin. Cohen Formula, 150, 169 
Austin, L. W., 127, 131, 149, 153, 159, 
171, 181, 209, 278, 287, 312, 
317, 353, 374 
Australian Plant, 434, Strays, 179 
Autodyne, see Endodyne 
Autoheterodyne, see Endodyne 
Auxiliary Sets, 406, 424 
Axel-Orling Relay, 328 
B.A. Screw Threads, 45 
Bakelite, 28, 29 
Balanced Valves, 182 
Balancing Antenne, 450 
Balsillie, J. G., 157, 159, 434 
Balsillie System, 434 
Barkhausen, 168, 214, 217, 220 
Barometer and Signals, 155 
Barretter, 322 ; 
Barton, 59, 75 
Baur, C., 30, 31 
Bazzoni, 290 
Beating of Oscillations in Coupled 
Circuits, 94, 95 
Beat Reception, 305-315 . 
Arco and Meissner Circuits, 309 
Armstrong’s Circuits, 311 
Endodyne Circuits, 309 
Endodyne Experiments, 154, 313 
Heterodyne, 307 
Marconi Circuits, 311, 312, 390 
Selectivity, 306 
Sensitiveness, 154, 308, 312-314 
Spark Signals, 306 
Theory, 305 
Béclére Break, 268 
Bell, Chichester, 480 
Bellini-Tosi, 134, 445 
Bellini-Tosi Radiogoniometer, 445 
Bethenod, J., 188, 243, 424 
Bethenod’s Alternator, 232 
Billi-, Prefix, 18 
Billifarad Condenser, 382 
Binomial Expansion, 14 
Blatterman, A. S., 159, 190 
Block Condenser, 382 
Blondel, A., 117, 168, 191, 209, 214, 
220, 480 
Blondel-Béthénod, 424 . 
Blown Spark, 188, 205, 427, 435 
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- Boiling Point, Elements, 20; Liquids, 27 
Boltzmann, 305 
Bombardment of Electrodes, 255 
Bouchardon, V., 191 
Bouncing Jets Detector, 323 
Bouthillon, L., 191, 232 
Bown, R., 291, 293, 297, 300, 301 
Boys, C. V., 323 
Bradfield Insulator, 144. 
Branly, 275, 276, 281 
Brant Rock, 149, 157 
' Braun, F., 119, 239, 444 
Breakdown of Insulation, 31 
Breaks, 265-269 
Apps, 265 
Béclérc, 268 
Electrolytic, 268 
Magunna, 269 
Mercury, 266 
Breaking-in, de Forest, 473 
General Electric, 473 
British Association Report on Xs, 178 
Brookes, A., 478 
Brown, 8. G., 117, 209, 323, 344, 350, 
3 353, 444, 478 
Brown’s Ionic Relay, 345 
Telephone Relays, 323 
Telephones, 350, 353 
Wheel Spark, 209 
Brush Discharge, 37 
Brush, from Antenna, Prevention, 
132 
Brushing in Condenser, 366, 367 
Brylinski, 51 
Bullard, W. H. G., 430 
Butterworth, 69 
By-pass, 371 
Cable, Stranded for h.f., 363 
Cables, Diameters, Resistance, 46-49 
Cady, W. G., 198 
Caldwell Break, 268 
Calibration of Wave-meters, 115 
Capacitance, see Capacity 
Capacity-earth, 117, 136; Sayville, 406 
Capacity, Cylinders, 54. 
Distributed, of Coils, 115 
Distributed, to avoid, 364, 379 
Ellipsoids, 54 
Equivalent, of Antenna, 121, of 
a Wire, 111 
-— Fine Adjustment, 380 
- Formule, 53-57 
Leyden Jar, 57 
of an Antenna, 120, 121, 126 
of Ionic Tubes, 244. 
Plates, 56 
Spheres, 53 
- Static, of Wire, 111 
Units, 16, 53 
See Glossary ~ 


INDEX, 


Carborundum Detector, 280 
Carnarvon, 133 
Cased Cord (Cable), 364 
Castelli, 277 
Castor Oil as Dielectric, 366, 369 
Catenary, 145 
Cathode (or Kathode), Lime, 299 
Chaffee, E. L., 204 
Chaffee Gap, 203, 442 
Chambers’ Microphone, 479 
Chapman, S., 165_ 
Oharacteristic Curves, 
182, 274 
Arc, 216, 217 
Detectors, 272--289 
Tonic Tube, 24, 245 
Kenetron, 292 - 
Pliotron, 341 E 
Pliotron Equation, 341 
Chemical Equivalents, 42 
Choking Coils in Marconi Set, 395 
Chopper for Sustained Waves, 313, 416 
Circuit Proportions, Sending, 215, 
217, 370 
Receiving, 377 
Clapp Eastham Plant, 439 
Clark, G. H., 155 
Clarke’s Alternator, 232 
Clifden, Air Condenser, 365 
Data, 132 
Propagation, 157 
Clock Diagrams, 98 
Clouds and Signals, 155, 171 
Clouds and Xs, 177 
Close Coupling, Defined, 92 
Closed Oscillator, see Glossary 
Coast Stations and Navigation, 444 
449 
Coefficient of Coupling, 89, 90 
of Decay, Defined, 81 
of Magnetic Leakage, 89 
Coffin, 64, 72 
Cohen, L., 66, 69, 78, 150 
Coherer as X Stopper, 181 
Filings, 281 
Single Contact, 275 
Coils, Construction, 362, 378 
Losses in, 362 
Variable Inductance, 365, 379, 
394, 413, see Inductance 
Voltage Across, 370 
Colin and Jeance Telephony, 459 
Collie, Norman, 164 
Collins, A. F., 478 
Colon Towers, 141 
Colophony, 28, 29 
Combining Weights, 42 
“Comet ”’ Mast, 141 
Commutator, Liquid, 261 
Commutator, Tone Wheel, 318 


Alternating, 
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Compagnie Générale Radiotele- 
graphique, 192 
Compass, Wireless, 447, 448 
Compressed Air as Dielectric, 34, 41, 
366 
Compressed Air Condensers, 432 
Condenser, Air, at Clifden, 368 
Battery, 406, 407, 427 
Battery, Marconi Set, 394 
Block, 382 
Compressed Air, 432 
Condenser-Telephone, 353. 
Construction, 365 
Coupling, 215 
Fine Adjustment, 380 
for Lengthening Antenna, 371 
for Shortening Antenna, 371 404 
for Receiving Circuits, 380 
in Inductorium, 262, 264 
in Series, in Parallel, 367 
Plate, 368, 380 
Tubular, 368, 382 
Variable, 380 
Voltage Across, 370 
Conductivity of Air, 34-39 
Conductivity of Atmosphere, 169 
Conductivity, Water, 26 
Conductivities, 52 
Conductivities, Relative (Metals), 
24 
Construction of Coils, 362, 378 
Condensers, 365, 380 
Inductorium, 262 
Microphones, 477 
Contact Detectors, 
Characteristic Curves, 27 2-282 
Coherer, Multiple Contact, 281 
Coherer Single Contact, 275 
Minerals, &c., used, 278 
Resistance Characteristic, 271- 
Theory, 270 
Continuous-wave Systems 409, 437 
Continuous Waves, Cutting Up, 169 
Generation by Sparks, 194 
by Ares, 214 
by Machines, 225, 409 
Control Electrode, see lonic Tubes 
Conversion, Degrees and Miles, 0 
Factors, Various, 1, 16, 17 
Nautical and Statute Miles, 6 
Tables, 1+ 
Copper Cables, Data, 46-49 
Resistance, Coefficient, 48 
Stranded for h.f., 363 
Wire Data, Folded Sheet, 48 
Corona, 37-39 
Correction for Capacity of Windings 
115 
Cosines, Table of, 12 
Constants, Mathematical, 13 


Coulomb, 16 
Counterpoise, Electrical. 117, 136, 407 
Couple, Thermoelectric, 24, 43 
Coupled Circuits, Definitions and For- 
mule, 89-95 
Applications, 360, 373 
Coupling, Coefficient of, 89, 90 
Defined, 89, 90 
Degree of, 92, 361 
Modes in Receivers, 376 
Transformers, 89, 197, 22772353; 
372, 395, 407, 422, 426, 431, 
435, 440, 445 
Cram, 209 
Crawley, ©. G., 177 
Crystal Rectifiers (see Contact Detec- 
tor), 270 
Cube Root, Tables, 7 
Cubes, Tables, 7 
Cubical Condenser Formula, 57 
Cumulative Amplification, 334 
Current Density in Conductors, 51 
Currents in Antenne, Sending, 125 
407, 429, 436 
in Coupled Circuits, 93-95 
in Earth, 51, 129, 160 
in Resonance Transformer, 104 
in Transformer Circuits, 100 
Receiving, 127 
Units, 16 
Curtis, H. L., 28 
Cylinders. Static Capacity, 54 
Dakota, North, 155 
Damped Waves, Sustained, Com- 
parison, 153-154 
Damping, 81-83 
in Coupled Circuits, 91, 92 
Effect on Inductance, 59 
Effect on Resistance, 75 . 
Darien Station, 154, 433 
Experiments, 154 
Darrin, D., 127 
Dead Beat Discharge, 85 
De Bellescize, H., 181 
Decay Coefficient Defined, $1 
Decrement Defined, 81 
Arithmetic, 198 
of Antenna, 122 
Decrements in Coupled Circuits, 91,92 _ 
Deflagrator, Moretti’s, 462 . 
de Forest, L., 119, 171, 255, 276, 285, 
294, 305, 338, 458, 467, 473 
de Forest—Audion, 255 
Breaking-in, 473 
Oscillating Circuits, 249 
Oscillion, 468 
Telephony, 467, 473 
Ultraudion, 249 
Degree of Coupling, 92, 361 
Degrees and Miles, Conversion, 6 


* de Groot, C. J., 179, 180, 181, 183 


de Lange, 356 
Demmer, O., 156 
Density, Alloys, 22 
Electrolytes, 25 
Elements, 20 
Gases, 42 
Insulators, 26 
Materials, 147 
Design, Notes on, 358-383 
of Antennz, 131, 133 
Range and Power Formule, 172 
Telephone, 345 
Detectors, 270-323 
as Generators, 240 
Beat Methods, 305-315 
Circuits, 376 
Coherers, 275-283 
Contact Detectors, Construction, 
281 
Contact Detectors, 
Curves, 275-283 
Contact Detectors, Theory, 270 
Efficiency, 174 
Electrolytic, 285 
Frequency Changers, 232-239, 322 
Magnetic, 283 
Miscellaneous, 322 
Thermal, 322 
Ticker, 315-318 
Tone Wheel, 318 
Vacuum Tubes, see Ionic Tubes 
Diameter of Earth, 1 
Diameter and Wire Gauges, 45 
Diaphragm of Telephone, 346-350 
Dibbern, E., 263. 
Dictaphone Recording, 325 
Dieckman, 179, 181 
Dieckman Cage, 179, 181 
Dielectric Constant (see Inductivity), 
39-41 
Dielectric Loss in Coils, 378 


Data and 


_ Dielectric Strength, Defined, 30 


Air, 33, 34 

and Air Pressure, 36, 39 
Insulators, 31 
Transformer Oils, 31-33 


Dielectrics for Co ~densers, 365, 369 


Composition, 28 
Density, 26 
Volume Resistivity, 26, 27, 28, 29 
Surface Resistivity, 30 
See Insulating Materials he 
Diffraction over Globe, 167, and 
Resistivity, 169 SeAe 


Digby, W. P., 33 


Dimensions of Sending Circuits, 370 
Diplex Reception, 408 


_ Dipole Formule, 79 


Direct-coupled Receivers, 377 


INDEX. 


Directive Antenne, 117-120 
Effect in Earth Antenne, 134-136 
for Duplex, 449 
Telegraphy, Theory. 117; Plant, 
444-449 
Disc,’ Capacity of, 56 
Working, 191 
Disc Discharger, 184, 385 
Theory, 190, 191 
Disc Discharger and Duplex, 449 
Discharge Data, 30-39 
Are and Glow, 198 
Dead beat, 85 
Effect of Electrodes, 198 
Formule, 84—86 
Discharger, Balsillie’s, 434 
Chaffee, 204, 442 
Clapp- Eastham, 439 
Efficiency of, 205 
Lepel, 104, 443 
Marconi System, 189, 195, 384 
Marzi’s, 193 
Miscellaneous, 186-214 
Moretti’s, 462 
Polyphase, 191, 196 
Rotating, 188-195, 224, 385, 396, 
401, 432 
with Blast, 188, 425 
See Generation of Oscillations 
Disruptive Voltage, Air, 33, 34 
Distance and Power, Formule, 171, 
172; Tables, 161, 403, 406, see 
Antenna Currents 
Distances, of Vision at Sea, 15 
on Globe, 15 
Distributed Capacity of Coils, 115, 365 
to avoid, 379 
Distributed Capacity of Wires, 54, 111, 
121 
Ditcham’s Telephony Experiments, 462 
Diurnal Variations in Xs, 177 
Double Anode Valves, see Ionic Tubes 
Double Wave Reception, 373 
Dowsett, H. M., 171 
Drude, P., 92, 114 
Dubilier, W., 209, 479 
Dubilier’s Generator, 209 
Duddell Musical Arc, 215, 216 
Duddell, W., 148, 216 
Dumb Antenna, see Glossary 
Dunwoody, H. H. C.. 278 
Duplex-diplex Telephony, 483 
Duplex Telegraphy, 449 
Duplex Telephony, 45), 473, 483 
Duranoid, 28, 29 
Dushman, S., 253 
Dynamo-electric Relay, 329 : 
Dynatron, see under “‘ Ionic Relay’ 
Ear Sensitiveness, 356 
and Telephone, 356 
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Earth Arrester, 385 
Currents, l.f. and h.f., 51, 129, 160 
Dimensions, | 
Plates, 136, 430, 434 
Resistance, 129, 136 
Earths, 117, 136, 394-434 
Eastham, M., 439 
Ebonite, Data, 26, 29, 30 
Ebonite as Dielectric, 26-31, 366 
Eddy Current Losses, 378 
in Coils, 363 
in Condenser Plates, 366 
Edmunds, P. J., 33 
Edwards, H. W., 77 
Effective Height of Antenna, 127, 149 
Inductance and Capacity, 111, 121 
Inductance of Telephone, 346 
Resistance Formulz (see Resis- 
tance), 74-78 
Resistance of Telephone, 346 
Resistance with A.C., 51 
Values, Damped, 83 
Values of A.C., 96 
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of h.f. Generators, 436, 438 
of Quenched Spark, 202, 204, 403 
of Telephone, 174, 353 
Egg Insulators, 143 
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Electrodynamic Telephone, 353 
Electrolysis, Data, 42 
Electrolytes, Data, 25, 26 
Electrolytic Break, 268 
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Detector, 285, Sensitiveness, 312 
Electromagnetic Units, 16 
Electron, Data, 16, 289 
Discharge Tubes, 339 
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See Ionic Tubes 
Electrose, 28, 29 
Electrostatic Telephone, 353 
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Elwell, C. F., 137 
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Emission from Hot Conductors, 289 
End Correction, Waves on Wires, 111, 
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Experiments, 154, 313 
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Energy in Dielectrics, 365 
Energy, Radiated, 79 
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former, 101, 104 
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Erskine-Murray, J., 484 
Ksau, 78 
Evacuation of Tubes, 255 
Ewing, J., 285 
Exponential Expansion, 14 ~ 
Exponential Table, 13 
Extensible Masts, 141 
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Faccioli, 37 
Fading of Signals, 159, 171 
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Masts, 137, 413 
See Poulsen 
Fenyi, 176 
Ferranti, 32 \ 
Ferrié, G., 190, 286 
Fessenden, Reg. A., 209, 261, 285, 307, 
322, 458 
Fessenden Detectors, 307, 322 
Heterodyne, 307 
Plant, 430 
Telephony Experiments, 372, 
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Fibre, 28, 29 
Field Sets, Wired Wireless, 482 
Filings Coherer, 281 
Filter, Wave, 377, 389 
Fiorentino, 480 
Fitzgerald, G. F., 166, 231 
Fitzgerald Dynamo, 231 
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Fleming Arc, 222 
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** Fontana ”’ Mast, 141 
Forced Oscillations, 86-88 
Foucault Currents, see Eddy Currents 
Fourier Equation, 96 
Frame Aerial, 444 
Franklin, W. C.S., 180, 208, 302 
Franklin & Marconi, Ignition Method, 
208 
Retroaction Reception, 302 
X Stopper, 180 
Fraque, 191 
Free and Forced Oscillations, 86-88 


- Freezing Points, Liquids, 27 
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82 
and Electric Strength, 31, 365 
Defined, 80 
Formule, 84 
in Coupled Circuits, 91, 92 


_ Frequency Changers, 232-239 


in Telephony, 474 
Joly’s Tripler, 235 
Plohl’s Doubler, 233 
Polarised Doubler, 236 
Rectifier Methods, 238 
Taylor’s Tripler. 235 
Telefunken, 409 
Vallauri’s Doubler, 233 
Frictional Detector, 322 
Fuller, L. F., 161, 169, 171 
Fuller’s Propagation Formula, 169 
Fundamental in A.C., 96 
Fundamental Vibration, 110, 122 
Gaiffe, 368 
Galalith, 28, 29 
Galletti’s Oscillation Generator, 207 
Garcia, 134 . 
Gas Relay, see Ionic Tubes 
Gaseous Microphones, 480 
Gases, Currents through, 34-37 
Densities, 42 
Dielectric Strength, 33-35 
Inductivity, 40, 41 
Gauges, Wire, 45 
Gauss, Unit, 17 
Gehrcke, 226 
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Breaking-in, 473 
_ Control, Magnetic, 474 

Dynatron, 252, 342 

Kenetron, 293, 467 

Negative Resistance Tube, 252, 
342 

Oscillation Control Circuits, 418, 
469, 472 

Pliotron Characteristics, 465 

Pliotron on A.C., 473 

Pliotron for Telephony, 464 

Telephony, 464-467 469-472, 473, 
474, 475 
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Alternator, Alexanderson, 225 
Alternator, Goldschmidt, 229 
Alternator, Patten Type, 232 
Arc, 214-225 
Arc, Combinations, 225 
Arc, Mercury, 222 
Arc, Moving Electrodes, 224 
Are, Musical, 215 
Balsillie’s Circuits, 434 
Brown’s Wheel, 209 
Cathode Ray Switch, 260 
Commutators, 261 
Condenser Reversal Methods, 193 
Continuous, by Sparks, 194. 
Discharger, Chaffee, 203 
Discharger, Peukert, 203 
Dubilier’s Apparzatus, 209 
Duddell Arc, 215 
Dynamo and Condenser Methods, 
231 

Electric Generators, 260 

Ferrie’s Rotary Discharger, 190 
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Fessenden’s Rotary Discharger, 
430 

Fitzgerald Dynamo, 231 

Fixed Spark-gap, 187 

Frequency Changers, 232-239 

Galletti’s Method, 207 

Goldschmidt’s Machines, 229 

Ignition Devices, 205 

Impulsing, 211 

Inductorium, 261 

Joly’s Tripler, 235 

Lepel Plant, 201, 443 

Makower-Eccles Spark in Liquid, 
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Marconi Disc, 188, 194, 224, 
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Marconi-Franklin Ignition De- 
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Mineral Spark Gaps, 259, 463 
Moretti’s Detlagrator, 462 
Parallel Series Device, 190 
Patten Alternator, 232 
Petersen’s Electric Generator, 269 
Peukert’s Discharger, 203 
Plohl’s Doubler, 233 
Polarised Doubler, 236 
Polyphase Discharger, 196 

_ Poulsen Arc, 216, 416 
Quenched Sparks, 199-203, 407 
Rapid Discharges, 209 
Rectifier Methods, 238 
Rectifying Gaps, 212 
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Generation of Oscillations (cont.)— 
Shaw’s Blown Spark, 205 
Short Circuit, 186 
Spark with Air Blast, 187, 206, 
422, 435 
Spark with Magnetic Blast, 209 
Sparks in Running Liquid, 194 
Taylor’s Tripler, 235 
Thomson’s Methods, 209 
Torikata, &c., Arc, 259, 463 
Unstable Conductors, 259 
Vacuum Tubes, 240 
Vallauri’s Doubler, 233 
- Vreeland’s Generator, 260 
Wet Electrodes, 193 
Wien’s Methods, 199, 203 
See Ionic Tubes 
Geocoronium in Atmosphere, 162 
Gesellschaft fiir drahtlose Telegraphie, 
see Telefunken 
Griles, G., 367 
Giltay, J. W., 354 
Ginman, A. H., 162, 17) 
Girardeau, E., 188, 362, 372 
Glass as Dielectric, 365 
Globe, Distances on, 15 
Glow Discharge, 37 
Glyptol, 28, 29 
Goldschmidt, R., 183, 229, 318, 481 
Goldschmidt’s Machines, 224-231, 437 
Machine as Detector, 321 
Microphones, 481 
System, 437 
Tone Wheel 318 
Goldsmith, A. N., 474 
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Gray, A., 73 
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Grounds (see Harths), 136 
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Groves, 59, 64 
Guys, Materia!s for, 147 
Guze, 39 
Gwodz, 355 
HalLorge. H. E., 106 
Hanover (E ilvese) Station, 154, 320, 
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Hard Rubber, 25, 29, 30, 366 
Harding, 37, 39 
Harmonic Vibration, Formula, 80 
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Heaviside, O., 57, 67, 
166, 169 
Helical Coils, 394, 413. 
Helium in Atmosphere, 162 
Helix, Capacity, 115, 365 
Inductance, 66 
Resistance, 77 
Hemp Ropes, 147 
Henry, 283; Unit, 16 
Hertz, H., 79, 175 
Hertzian ‘Oscillator and Antenna Ex- 
periments, 127 
Hertzian Oscillator, Formule, 79 
Haterodyze, Apparatus, 307 
Experiments, 151, 313 
Sensitiveness, 308 
See Beat Reception 
Heurtley’s Magnifier, 326 
Hewitt, Cooper, 212 
Heydweiller, A., 198 
Heyland, A., 227 
High-frequency Alternators, 225, 409 
Circuits, 358, 382 
Currents, Penetration, 51, 159 
Inductance (see 
57-69 
Resistance (see Resistance), 74-78 
High Resistance Detector Circuits, 
376, 380 
Hill, 289 
Hogan, J. L., 148, 172, 308 
Holmstrém and Egner Microphone, 
478 
Homopolar Alternators, 232 
Honolulu, 154, 412 
Honolulu, Antenna at, 133 
Hot Cathode Valves, see [onic Tubes. 
Hot-wire Telephone, 355 
Horizon Distance, 15 
Howe, G. W. O., 114, 121, 424 
Hudson Filament, 312 
Hughes, 163, 275, 276 
Hull, A. W., 252, 343 
Hull, E. C., 259 
Humidity, Effect on Resistivity, 28 
Hydraulic Microphone, 480 
Hydrogen in Atmosphere, 162 
Hyperbolic Cosine, 14, 145 
Hytone Plant, 439 
Ice and Tension of Wires, 146 © 
Ignition, in Spark Plant, 205 
Impact Excitation (see Quenched 
Spark), 199, 211, 407, 443 
Impedance, 97, in Series and Parallel, 
98 
of Telephone, 347, 350 
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Inductance, Mutual, Formule (see 
Mutual Inductance), 70-74. 
Self-, Formule (see Self-induc- 
tance), 57-69, 379 
of Antenna, 121 
of Telephone, 346 
of Wires, Equivalent, 111, 121 
Units, 15, 57 
Inductance Coils, Construction, 363 
Losses in, 363 
Variable. 365 
Induction Coil (see Inductorium), 264. 
Inductivity, Defined, 39 
Tables, 40, 41 
Temperature Variation, 41, 369 
Inductor Alternator, 225, 229, 407, 482 
Inductorium, 261 
Breaks, 265 
Connections, 265, 266 
Construction, 262 
Data, 264 
Theory, 262 
Unipolar, 264 
Wilson Coil, 264 
Initial Voltage, 37, 38 
insulating Materials, Composition, 28 
Data, 26-32 
Effect of r.f., 365 
Properties, 26 365 
Surface Resistivity, 29, 30 
Volume Resistivity, 26, 27, 29 
See Dielectrics 
Insulation Resistance, Transformer 
Oil (see Resistivity), 32 
Insulators for Antennx. 141 
Interference, 17] 
Interference Reception 
Reception), 305-315 
_ Intermediate Circuit (Onde Unique), 
422 
Intermediate Circuits, Receiving, 377, 
389 
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Interrupters (see Breaks), 265 
Investigations, B.A. Com. for, 178, 179 
Tonic Refraction, 165 
IONIC TUBES— 
Audion, 312 , 
Bombardment of Electrodes, 255 
Capacitance of Electrodes, 244. 
Cathode, Coated, 299, 337 
Cathode, Externally Heated, 299 
Characteristic Curves, 242, 245, 
296, 297; 341, 465 
Characteristic Curves, Gradients, 
245 
Construction, 253-259, 295, 340 
Evacuation of Tubes, 255 
Filaments, Coated, 259, 289 
Grid Current, 244, 246 
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Tonic Tubes (cont.) — 
Hard Tubes, 291 
Mercury Vapour, 208 
Nitrogen-filled, 312 
Pliotron, Construction, 339° 
Physics, 289, 295, 299 
Soft Tubes, 290, 295, 296, 300 
Space Charge, 291, 295 
Theory, 295, 339, 341 
as Variable Resistance 245 
Viscous Tubes, 299 
Voltage Drop in Filament, 299 
As Detectors— 
. W. Reception, Various 
Methods, 315 
Fleming Valve, 288 
Magnetic Field Effects, 299 
Marconi Circuits, 303, 304, 390 
Nitrogen-filled, 312 
Pliotron, 295 
Rectification, Simple, 300 
Rectification, Cumulative, 300 
Retroaction, 302, 335 
Sensitiveness, 295 
Spark Reception, 300-305 
Telefunken Circuits, 303 
See Beat Reception 
As Generators— 
A.C. Used, 473 
Antenna Connections, 246 
Arco and Meissner’s Oscillating 
Tube, 248 
Armstrong’s Circuits, 251 
Constant Current Method, 245 
de Forest’s Oscillating Circuits, 
249 
de Forest's Audion, 255 
Delta Rays in Tubes, 252 
General Electric Circuits, 250, 251, 
252 
General Electric Pliotron, 255 
Keying, 247 
Marconi and Round’s Circuits, 
248 
Meissner’s Circuits, 247, 248 
Negative Resistance Tube, 252 
Nitrogen-filled, 312 
Oscillion, 26), 468 
Oscillation Frequency, 242, 243 
Oscillation Theory, 240 
‘Pliotron, 250, 464 
Telefunken. Circuits, 247 
Telephony, 463 
Theory, 335 
Ultraudion Circuit, 249, 467 - 
Very High Frequency Circuit, 
250 
Western Electric Circuits, 471 
Western Electric Large Audion, 
254 
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Tonic Tubes (cont.)— 
White's Circuits, 250, 251 
See Beat Reception 
As Relays— 
Amplifiers, 333, 336, 339 
Arco and Meissner Circuits, 303 
‘Audion, 338 
Brown, 8. G., 344 
Control of Oscillations, 467, 469, 
471 
Classification, 333 
Cumulative Amplification, 334 
Dynatron (new name for negative 
Resistance Relay), 252, 342 
Lieben Reisz, 336 
Magnification, 334, 336, 337, 342 
Negative Resistance Magnifica- 
tion, 343 
Negative Resistance Relay, 342 
- Nitrogen-filled, 312 
Pliotron, 339, 342, 464 
Retroactive Amplification, 335 
Theory, 295 
in Telephony, 463 
Characteristics, Pliotron, 413 
de Forest Apparatus, 467-9 
General Electric, 465-7, 469-471, 
473 
Marconi Co., 464 
Telefunken, 476 
Western Electric, 471 
Tonisation and Signals, 165 , 
lons in Atmosphere, 164 
Negative Electrons, 289, &c. 
Positive, 293, 296, 298 
See Soft Tubes under Ionic Tubes 
Tron at Radio- Frequency, 362 
Isochronous Circuits, 91 
Jaensch, 37 
Jahnke, A., 478 
Jahnke and Tate Microphone, 478 
Jeance and Colin Telephony Experi- 
ments, 459 
Jervis-Smith, F. J., 276, 479 
Jervis-Smith, Microphones, 479 
Jet Detector, 323 
Relay, 328 
Jigger in Marconi Set, 395 
Jiggers, see Coupling Transformers 
Joly, M., 233, 235 
Jones, E. Taylor, 263 
Jouaust, R., 362 
Kalahne, A., 424 
Kapp, G., 30 
Kathode (or Cathode), see Ionic 
Tubes 
Kaufmann, 216 
Kenelly, A. E., 166, 347, 348, 364 
Kenetron in Telephony, 467 
Kenetron Rectifier, 293 
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Key, Automatic Radiophare, 449 
Federal- Poulsen, 414 
Marconi System, 387 
Sending, Eiffel Tower, 428, 429, 

430, see Relay Keys 

Keying, Ionic Tube, 247 

Khotinsky Cement, 29 

Kiebitz, F., 134, 165, 216 

Kimura, 172, 361 

Kirchhoff, 56, 62 

Kitamura, M., 259, 463 

Klages, A., 156 

Klingelfuss, 262 

Kolhorster, 163 

Kowalski, J., 198 

Krypton, 164 

Kiihn, L., 363 

Langmuir, 1.,255, 290, 292, 295, 339,464 

Langmuiz’s Kenetron, 293 
Method of Telephony, 464 
Pliotron, see Ionic Tubes 

Larmor, 166 

La Rosa, M., 198 

Latour, M., 242, 259, 334 

Lattice Masts, 137, 139 

Leading-in Insulators, 143 

Leakage, Surface, 28 
Magnetic, Coefficient of, 99 

Lecher, E., 168 

Lengthening Antenna by Condenser, 

371 

Lengthening Coil, 123, 371, 395, 412 

Lepel, E. von, 193 

Lepel System, 201 

Lera, B., 176 

Lewis, L. A., 31 

Leyden Jar, 368 

Leyden Jar Formula, 57 

Libby, T. M., 172° 

Liebowitz, B., 221, 223 

Lieben-Reisz Relay, 336 

Lightning, Protection, 385 

Lightning and Xs, 175 

Lime Cathode Valve, see Ionic Tubes 

Limiting Devices, 472, see X-Stopper 
Lindemann, 363 : 
Linke, 164 
Link Strain Insulators, 143 
Link Suspension Insulators, 141 
Liquid Electrode Arc, 462 
Liquid Microphones, 479 
Liquid, Spark in, 193, 194 
Liquids, Data, 25, 27, 31 
Loading Coil, 123, 371, 395, 412 
Lodge-Muirhead, 277 
Lodge, O. J., 79, 275, 276, 281 
Logarithmic Decrement, 81 

in Coupled Circuits, 91, 92 
Logarithmic Expansion, 14 
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Logwood, C. V., 317 
Long, A. W., 214 
| Loop Antenna, 119, 444 
| Loose Coupling Defined, 92 
Love, A. E. H., 168, 169 
Love’s Propagation Formule, 168 
Lyle, 74. 
Macdonald, H.. M, 111, 117, 123, 169 
Macdonald’s Propagation Formula, 169 
End Correction, 111, 122 
Macku, B., 212, 424 
Magini, 56 
Magnetic Blast, 188, 216, 219 
Coupling, 89 
Detectors, 283-285 
Key, 387 
Leakage, 89 
Relay, 331, 474, 476, 411 
Telephone Receivers, 345 
Units, 16 
Variations and Xs, 180 
Variations, Diurnal, 164 
Magnetite Arc in Telephony, 463 
Magnetomotive Force, Units, 17 
Magnification with Ionic Relays, Am- 
plifiers, 336, 339, 341, 463 
Magnifier, Heurtley’s, 326 
Magunna Converter, 269 
|. Majorana, F., 326, 458 
| Majorana,.Q., 480 
Majorana’s Microphone, 480, Relay, 
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Makower, A. J., 163, 194, 202 
_Manometric Flame, 480 
| March, 167 
‘Marchant, E. W., 155, 156, 171 
Marconi, G., 134, 170, 187, 188, 194, 
211, 281, 284, 384, 444, 449 
_ Marconi, American Co.’s Plant, 396 
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Continuous Wave Generator, 194 
Directive Apparatus, 447 
Dise Arc, 224 
Dischargers, 188, 194, 224, 385 
Duplex, 449 
Ignition Discharger, 208 
Tonic Tube Circuits, 249, 288, 299, 
302 
Magnetic Detector, 284 
Short-circuit Disc, 187 
Steel Masts, 137 
System, 384 
| Telephony, 463 
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Meissner’s Oscillating Valve, 247, 248, 
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Mellis, D. B., 33 
Melting Point, Insulating Materials, 26 
Melting Points, Mlements, 20 
Mercadier’s Monotelephone, 351 
Mercer, F., 219 
Mercier, 458 
Mercury Arc, 222 
Mershon, 37 
Meteorology and Signals, 154, Xs, 178 
Metric and U.K. Units, 1 to 4 
Metric Screw Threads, 44 
Meunier, 280 
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Mica as Dielectric, 26, 27, 29, 31, 366, 
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Michie, A. C., 32 
Microphone as Generator of Oscilla- 
tions, 261 
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456, 458, 459, 460, 462, 477-481 
Microphones, 477 
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Granular, 478 
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Liquid, 461, 479 
Microphonic Joint, 275 
Microphonic Relays: S. G. Brown, 323 
Telefunken, 325 
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Miller’s Generator, 211 
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Minchin, 275 
Mineral Electrodes in Arc, 259, 463 
Mock Antenna, see Mute 
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Moon and Signals, 165. 
Moretti’s Deflagrator, 462 
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Moscicki Condensers, 368, 427 
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and the Ear, 356 
and Tuned Telephones, 351 
Lepel, 444 
Sparks, 187-194 
with Sustained Waves, 374, 416 
Mute Antenna, 130, 459, see Glossary 
Mutual Inductance Formulz, 70-74 
Circles, 71, 72 
Linear Conductors, 70, 71 
Ring Coils, 74 
Solenoids, 72, 73 
Units, 70 
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Wave-length and Resistance, 130 

Wave-length of Solenoid, 114 
Nauen Station, 154, 161, 409 
Nautica] Miles, Conversion Abac, 6 
Negative Resistance, 183, 252, 342 
Neon, 164 
Neugschwender’s Detector, 285 
Neumann, 57, 71 
Neutral Point, 43 
Nichols, E. H., 163 
Nicholson, J. W., 60, 75, 167, 169 
Nicholson’s Propagation Formula, 
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Nicolson, A. M., 259 
Night Propagation, 153 
Niven, 67 
Nixdorff, 331 
Non-Inductive Leads, 357 
Non-oscillatory Discharge, 85 
Non-oscillatory Secondary, 374 
Norddeich Time Signals, 5 
Norfolk, 159 
Note Tuning, 382 
Ocean, Xs on, 178 
Ohm, 16 
Oil as Dielectric, 32, 356, 368 
** Onde Unique ”’ System, 422 
Onesti, C., 281 
One-wave Couplings, 362 
Open Oscillator, see Glossary 
Operating Keys, see Signalling Keys 
Optimum Coupling, 376 
Optimum Wave-length, 150 
Orling Relay, 328 
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Ort and Rieger Condenser Telephone’ 
354 
Oscillation Formule, 30-95 
Oscillation Transformers, see Coupling 
Transformers 
Oscillations, Generating Plant, 186-269 
on Antenna, 122-126 
on Solenoid, 114, 115 
on Wires, 109-114 


Oscillator, Open and Closed, see 
Glossary 
Radiation Formule, 79, 127 
Oscillion, 468 
Circuit, 249 


Oscillograph, 220 
Oudin Resonator, 426 
Owen, D., 271 
Oxide Cathode, 299 337 
Packing in Microphones, 478 
Panama Towers, 141 
Parameters of Are, 39 
Parasitic Signals (see Strays), 175 
Parallel, Condensers in, 367 
Impedances in, 98 
Paralleling of Arcs, 225, 
of Microphones 
Paris, 5, 167, 425 
Partials of Vibrations, 96 
Patten, J., 232 
Peck, 38 
Pedersen, 75, 180, 220, 222, 225, 316 
Pedersen’s Ticker, 316 
Peek, 37, 38 
Peltier Effect, in Detectors, 270 


Penetration A. C.in Conductors, 51, 52 : 


Waves into Earth, 51, 160 
Perikon (Zincite) Detector, 279 
Period, Definition, 80 
Permeability at r.f., 362 
Perry, J., 68 
Petersen, W., 37, 261 
Petersen’s Generator, 261 
Petit, 190 
Peukert, W., 203, 354 
Phase, 96 
Philadelphia, 159 
Phillips, C. E. 8., 267 
Phonographic Recording, 325 . 
Pickard, G. W., 278, 279 Z 
Pico, Prefix, 18 
Pierce, G. W., 347 
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Pin-type Insulators, 144 - 


Pipe Threads, 44 

Pitch of Screw Threads, 44 

Pitch of Sounds, and the Ear, 356 

Plant (see Systems), 384-450 

Plate Condensers, 
432 

Plate Condensers, Capacity, 56 

Pletts, J. St. V., 381 
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Pliotron, 295, 339 
in Telephony, 464 
Circuits, 250 
Construction, 255 
See Ionic Relays 
Plohl’s Doublers, 233, 236 
Poincaré, 167 
Polarised Transformer, 233 
Poldhu Antenna, 116 
Polyphase Lischarger, 191, 196 
Popoff, 176, 281 
Porcelain, Dielectric Strength, 31 
Porcelain Insulators, 142 
Porcelain, Strength, 145 
Poulsen, V., 216, 458 
Poulsen Masts, 137 
Telephony Experiments, 458 
Telegraphic Arc, 201, 202, 216 
See Federal Poulsen 


-~ Power and Distance Formule, 172 


Power and Distance, Table, 167, 403, 


406 
Power, Conversion Factors, 4 
Power Curves of Detectors, 274 
Power of Received Signals, 173 
Powers of Numbers, Tables 7, 13 
Poynting, 160 
Practical Electrical Units, 16 
Presspahn, Dielectric Strength, 31 
Prince, Directive Telegraphy, 
Printing of Messages (see Relays, 
Amplifiers, Recording), 277, 282, 
288 
Propagation of Waves, 148-172 
Day and Night, 148, 170 
Diffraction, 167 
Earth Resistivity, 160 
Efficiency of, 173 
Mountains, 171 
Optimum Wave-length, 150 
Season, 156 
Short and Long Waves, 170 
Spark Waves, 148 
Theory, 167 
Time of Day, 156, 170 
Twilight, 170 


_ Protective Gaps, 385, 394 


Pupin, M. J., 183 

Quantity Unit, 16 

Quenched Spark, 206 
Chaffee Plant, 442 
Current Voltage Curves, 200 
Damping in, 200 
Disability, 206 
Effect of Coupling 200 
Effect of Size of Gap, 200 
Efficiency, 202 
Frequency Formule, 202 
Ignition, 205 
Hytone Gap, 203, 439 
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Quencked Spark (cont.)— 
Lepel Plant, 443 
Peukert Discharger, 203 
Shaw’s Discharger, 205 
Special Circuits, 212 
Stone’s Experiments, 439 
Systems, 396, 403, 434, 439, 
£43 
in Telephony, 462 

Radian, Value, 13 

Radiation Efficiency, 174 
Formule, 79 
From Antenne, 131] 
Resistance, 126, 

See Propagation 
Radiator (see Antenne), 116 
Radiogoniometer, 415 
Radiophares, 449 
Radiotelephony, 453-81 
See Telephony 
Radius of earth, 1 
Ranges of Spark Stations, 161, 172, 
403, 406 

Rappel, M., 198 

Rayleigh, 42, 57, 60, 75, 111, 167, 175, 
262, 356 . 

Rayner, 30 

Reactance, 97 
Formule, 370 
of Telephone, 346 

Received Currents, 150, 154, 173 
and Season, 156 . 
and Time of Day, 156 

Receiver, Tuning Device, 382 

(see Telephone) 

Receiving Apparatus, see Detectors 
Directive, 444 
Federal-Poulsen, 420 
Fessenden, 430 
Marconi System, 388 
Telefunken, 406 

Receiving Circuits, 371-383 
Construction, 377 
Efficiency, 173 

Reception of Double Wave, 373 

Recording, Filings Coherer, 281 
Phonograph, 325 
Siphon Recorder, 277, 288, 326, 

328 
Telegraphone, 339 
See Relays, Amplifier 

Rectifiers, Ionic, 288, 300 
Crystal, 270 
Kenetron, 293 
See Ionic Tubes 

Rectifying Spark-gaps, 212 

Reed Telephone, 350 

Reflection Alternator, 229, 437 

Refraction, Atmospheric, 165, 169 

Reich, 287 
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Relay, 
_ Brown, 8. G., 323 
Dynamo-electric, 329 
Gas, 305, 336 
Heurtley, 326 
Magnetic, 331, 474 
Majorana, 326 
Microphonic, 325, 408 
Orling, 328 
Telefunken, 326 
Telephone, 323-345 
See Amplifier, Ionic Tubes 
Relay Keys, Alexanderson, 331, 474 
Eiffel Tower, 428, 429 
Goldschmidt, 438 
Marconi, 387, 388 
Poulsen, 414, 434 
Telefunken, 407, 408, 476 
Rendah! Masts, 139 
Insulator, 144 
Repeater, see Relay 
Report of B.A. on Xs, 178 
Re-radiation, 175 
Resistance, 
A.C.; hif.; 61, 52, 74; 77, 363 
of Antenne, 129, 135, 407, 438 
of Copper Wires, 45; Tables, 
46-52 
of Linear Conductors, 74 
Materials, Composition, &c., 22, 24 
Radiation, 126, 173 
of Solenoids; 77, 78 
of Telephone, 346 
Wires, 50, 52 
Resistivity, Alloys, 22, 23, 24, 50 
and Diffraction, 169 
Coefficient of Copper, 48 
Compounds, 26 
of Crust of Earth, 160 
Dielectrics, Surface, 28 
Dielectrics, Volume, 27 
Electrolytes, 25, 26 
Elements, 20, 21 
Resistance Materials, 22-24, 50, 52 
Transformer Oil, 32 
Water, 27 
Resonance, in Coupled Circuits, 92 
Curve, 88 
Curve, Quenched Spark, 199 
Efficiency, 174 
Transformer, 102—5, 422, 425, 429 
Resonator, Energy, 175 
Formule, 87, 88 
Oudin, 426 
Resonators, Acoustic, 
Sparks, 352 
Responder, Electrolytic, 285 
Retroacti-n, Stable, 302 
For Oscillation, see Ionic Tubes 
Retroactive Amplification, 335 


and Musical 


Ricci, R., 178 
Richardson, O. W., 289 
Rieger, 354 
Riegger, H., 201 
Rivers-Moore, H., 
Robinson, 277 
Roiti, 73 
Ronholm, 221 
Root Mean Square of Damped Vibra- 
tion, 83 
Root Mean Square Values (A.C.), 96 
Roots, Square and Cube, 7, 8 
Ropes, Strength, 147 
Rosa, 59. 72, 73. 
Rossi, G., 329 
Rotary Discharger, Ferrié, 190 
Fessenden, 188 
Marconi, 188, 194, 224, 385 
and Transformer, 107 ~ 
Rotary Ticker, Austin, 317 
Federal-Poulsen, 420 
Round, H. J., 158, 178, 182, 248, 299, 
304, 3143 "390, 464 
Round and Marconi Co., Beat Recep- 
tion, 311 
Oscillating Valve Circuits, 248 
Telephony, 463 
X Stoppers, 182 
Royston, P. H., 204, 442 
Riidenberg, 126, 231 
Riidenburg Dynamo, 231 
Ruhmer, E., 455, 458 
Ruhmkorff Coil (see Inductorium), 264 
Ruhop, 214 
Russell, A., 34, 53, 61, 66, 68, 72, 73, 
75, 77, 199 
Rutherford, E., 283 
Ryan, 37, 365 
Rybezynski, 167 
Safety Gap 
Earth Arrester, 385 
Condenser, 394, 
Sag of Wires, Formule, 146 
Sahulka’s Commutator, 186 
Saint Louis, 159 
Sainte Marie, 190 
Samoa, 133 
San Diego, 154 
San Francisco (Federal), Les 412 
Sankey, H. R., 161 
Sawtelle, W. O., 205 
Sayville Telefunken Station, 154, 406 
Schames, L., 362 
Schmidt, K. Eh. Hoe 
Schloemilch, 286 
Schumann Rays, 163 - 
Schuster, A., 164, 165 
Schwers, F., 165 
Schwartzhaupt, P. E., 149 
Schoop, 368 
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| Screw Threads, 44 
Season and Signals, 156 
Sea Miles, Conversion, 6 
Sea Water, Conductivity, 26 
Skin Effects, 51, 160 
Secondary Circuits, Receiving, 374 
_ Secondary Electrons, 252 
| Secondary, Non-oscillatory, 374 
| Secondary Voltage in Coupled Circuits, 
r 93, 361 
| Seelig, A. S., 406 
| Seibt, G., 214 
| Selectivity, 184, 378 
| Selectivity, Acoustic, 408 ; 
| Selectivity in Beat Reception, 306 
| Selectivity by Aid of Amplifier, 342 
Self Capacity of Coil, 115 
Self Heterodyne, see Endodyne 
| Self-inductance Formulz, 57-69 
| Circles, 62—64 
Insulation Correction, 69 
Linear Conductors, 57-61 
Maximum Inductance Coils, 67, 68 
Ring Coils, 68 
Solenoids, 64-67, 69 
| Spirals, 67 
Semicircular Plate Condenser, 369, 380 
| Sending Circuits, .358-370 
Sending Keys, Eiffel Tower, 427-429 
Magnetic, 387 
See Relay Keys 
Sending Plant, (see Generation) 186— 
269 
Systems, 384-450 
| Sensitiveness Curves of Detectors, 274, 
‘296 
of the Ear, 356 
. of Telephone, 353 
Sensitizing Circuit, 374 
Series, Condensers in, 367 
Impedances in, 98 
Series Dynamo as Oscillation Gene- 
tes rator, 231 
Settnik, 214 
Shaw, P. E., 357 
'Shaw’s Blown Spark, 205 
|Ships, Navigation by Signals, 447, 
| 448 
Shock Excitation(see QuenchedSpark), 
199-206 
Shoemaker, 396 
| Shortening Condenser, 371 
Telefunken Set, 404 
Short Spark (see Quenched Spark), 
-_—- 199-206 
'Shunted Telephone Method, 150 
‘Siemens, 31 
Signalling Keys, Eiffel Tower, 427-429 
| Magnetic Key, 387 . 
See Relay Keys 
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Signal Strength, Spark. 149, 152 
Strength, Arc, 153 
See Received Currents 
Signals and Season, 156, 170 
and Time of Day, 156, 170 
and Weather, 154, 171 
See Propagation 
Signs and Abbreviations, List, 19 
Sigsfeld, 134 
Simon, H. T., 216 
Simple Harmonic Vibration, 80 
Simpson, G. C., 164 
Sines, Table of, 12 
Single Wave Condition, 93, 361 
Siphon Recorder used in Receiving, 
277, 288, 326, 328 
Sirocco and Xs, 177 
Skin Effect, 51, 52, 74-78, 263 
Sliding Contacts, Warning, 379 
Slipping Contact Detector, 317, 420 
Smith, K. K., 290 
Smith, 8. B., 356 
Smythe, 285 
Snow and Tension of Wires, 146 
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ique, Plant, 422 
Solari, 277 
Solenoid, Inductance Formula, 64 to 69 
Self-capacity, 115 
Waves on, 114 
Solutions, Resistivity of, 25 
Sommerfeld, 78, 168, 169 
Sound Intensifier, 325, 408 
Space Charge, 291, 295 
Spark, and Arc Comparison, 153 
with Air Blast, 205, 435 
Blown, 188, 205 
Decrements, 36i 
Discharge, 37, 39 
Efficiency, 174 
Elimination from Circuit, 213 
Lost Volts, 199 
Plant, 187 (see Systems) 
Quenched, 199 (see Systems) 
Rate and Circuit Proportions, 370 
Rate, with Resonance Transfor- 
mer, 104, 422 
Resistance, 195 
Special Circuits, 212 
Voltages, Air, 33, 34, 199 
Sparks, Rapid, 209 
Specific Gravity, see Density 
Specific Inductive Capacity (see Induce 
Spheres, Static Capacity of, 53 
Spiral Coils, Inductance, 67 
Square Roots, Table, 7, 8 
Squares, Tables, 7, 8 
Squier, G. O., 482 
Stabalite, 28, 29 
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Standards of Length, &c., 1 
Standard Time, 4 
Static (see Strays), 175 
Stationary Waves, on Antenne, 121, 
125 
on Solenoids, 114 
on Wires, 109-114, 482 
in Receiving Apparatus, 376, 
379 
Stations, Descriptions, 384-450 
Statute Miles, Conversion Abac, 6 
Stays, Materials for, 147 
Steel Masts, 137 
Steinmetz, C. P., 30, 31 
Stewart, B., 164 
Stockle, E. R., 290 
Stone, EK. W., 439 
Stone, J. S., 198, 377,423, 455 
Stone, Intermediate Circuit, 377, 423 
Stormer, 163 
Storms, X, 178 
Strain Insulators, 143 
Stranded Cable for High Frequencies, 
ies $45) 
Strays, and Earth Antenne, 135 
and Magnetic Variations, 180 
and Meteorology, 176, 177-180 
and Physical Geography, 
and Season, 176-178 
and Time of Day, 176, 177 
at Twilight, 176 
B.A. Report, 178 
during Eclipse, 177 
Elimination, 180, 391 
Sources, 176 
Strength of Insulators, 141, 148 
Strop Insulators, 143 
Sturbs, see Strays 
Submultiples, Symbols for, 18 
Sunrise and Sunset Effects, 170 
Sustained Waves and Musical Note, 
374 
Supply Cables, Dimensions, 46 
Surface Leakage, 28 
Renovation of Ebonite, 30 
Resistivity, 28 
Resistivity and Light, 30 
Waves, 168, 169 
Suspension Insulators, 141 
Sutton, 276, 280. 
Swann, F. P., 392 
Swann, W. F. G., 163 
Swinging of Signals, 171 
Switch, Sending to Receiving, 385, 
407, 414, 473 
Sykes, A. F., 261 
Symbols, Alphabetical List, 19 
of Multiples, &c., 18 
of Units, 18 
Synchronous Sparking, 107 189 


Systems, Descriptions, 381-450 
A Onde Unique, 422-424 
Balsillie, 434-436 
Eiffel Tower, 424-430 
Federal-Poulsen, 412-421 
Goldschmidt, 437-439 
Lepel, 355, 356 
Marconi, 384—404 
Telefunken, 404-412 
Tables, Exponential, 13 
Logarithms, 9-12 
Powers and Roots, 7 
Tangents, 12 
Trigonometrical, 12 
Tangl, 41. 
Tate and Jahnke Microphone, 478 
Taylor, A. H., 149, 155, 159, 165, 171 
Taylor, A. M., 235 E 
Frequency Changer, 235 q 
Taylor, C. H., 94, 178 
Taylor, J. om 148 
Tedeschi, V., 329 | 
Telefunken, Ignition Discharger, 206 
Gap Ignition, 206 
Lattice Masts, 139 
Oscillating Ionic Tubes, 247 
Receiving Tube Circuits, 303 
Stations, 5 kW, 404 
60 kW, 406 
System, 365, 404-412 
Telephone Relay, 325 
Telephony, 476 
Telegraphone Recording, 339 
Telephone, High Frequency, 353 
Telephone Receivers, 345-356 
Constants, 346-350 
Diaphragm Amplitude, 357 
Efficiency, 174, 353 
Electrodynamic, 353 
Electrostatic, 353 
High Frequency, 353 
Impedance, 347, 350 
Magnetic, 345 
Thermal, 322, 355 
Tuned, 351 
Telephone Relays, 323-345 
S. G. Brown, 323 
Heurtley, 326 
Majorana, 326 
Orling, 328 
Telefunken, 325 
See Amplifier 
Telephony, 453-481 
Aeroplane, 468 
Alternating Current, 473 
_ Breaking-in, 473 
“Colin & Jeance Experiments, 459 
de Forest Apparatus, 467-9 
Ditcham’s Experiments, 462 
Fessenden’s Experiments, 458 
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Telephony (cont,)— 
General Electric 
469-471, 473 
General Theory, 453-8 
Ionic Tube as Control, 466, 470, 
471, 474, 475 
Ionic Tube as Generator, 463, 
464, 467, 468 
Longest Distance, 463 
Magnetic Relay Control, 474-7 
Marconi Co., 464 
Pliotron, 464—7 
Poulsen’s Experiments, 458 
Quenched Spark Methods, 462 
Telefunken, 476 
TY K Method, 463 
Vanni’s Experiments, 460 
Western Electric Co., 471 
Telephony by Waves on Wires, 482 
Duplex, 482 
Tensile Strength, 147 
Tension of Wires. 145 
Tetrachlornaphthalene, 29 
Thermal Telephone, 322, 355 
Detectors, 322 


Co., 465-7, 


-Thermionic Currents, 288 


Tubes, see [onic Tubes 

Thermoelectric Detectors (see Contact 
Detectors), 270 

Force in Detectors 271 

Values. 24, 43 
Thermo-junctions, 24, 43 
Thomsen, T. C., 3] 
Thomson Effect in Detectors, 270 
Thomson, Elibu, 186, 209 
Thomson, J. J., 56 
Thornton, W. M., 30 
Three Electrode Tubes, 

Tubes 


see Tonic 


_ Thunderstorms and Xs, 176, 179 


Thwing, C. B., 40 

Ticker, Federal-Poulsen, 420 
Methods, 315-318 
Pedersen’s, 316 
Rotary, 154, 317, 420 
Sensitiveness, 308, 421 

Timbre of Musical Spark Signals, 

351, 382 

Time Constant, 86 

Time Signals, 5 
Paris Plant, 429 

T'ssot, 148, 285 

Tobey, H. W., 33 

Tommasina, 176, 277 

Tone Wheel, 318 

Townsend, J. 8., 37 

Towyn, 133 

Torikata, W., 259, 367, 463 

Towers, 137, 141, 430, 433 
See’ Masts ‘ 
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Transformer, Construction, 106 
_ Coupling, see under Coupling 
Data, 106, 439 
Formule, 99-109 
Tron in r.f., 227, 363 
Measurements, 105 
Oil, Properties, 31-33, 366 
Ratio in Coupled Circuits, 93 
Resonance, 102, 422, 425, 429 
Specification for Resonance, 109 
Trench, R. C., 172 
Triangular Aerial, 119, 445 
Trigger Tube Detector, 305 
‘Trigonometrical Expressions, 14 
Tubular Condensers, 368, 382, 403 
Tubular Masts, 137 
Tuckerton Station, 154, 162, 438 
Tuned Relays, 325 
Tuned Telephone, 351 
Tuner, Multiple, 377, 389 
Tuning an Antenna, 371 
Coil, 5 kW Marconi Station, 404 
Device for, 382 
to Pitch of Signals, 352 
Transformers, 102, 106 
Turner, L. B., 107 
Turpain, 176 
Twilight and Xs, 176 
Effects, 170 
T.Y.K. Telephony, 463 
Uller, K., 168 
Ultraudion, 249, see Ionic Tubes 
Ultra-Violet Light, Effect on Resis- 
tivity, 30, Ionising Effect, 163, 
Radiation, 205 
Umbrella Antenna. 116 
in Reception, 127 
Undamped and Damped Waves, Com- 
parison, 153 
Undamped Wave Systems, 194, 214, 
225, 409, 412, 433, 437 
Units, c.g.s., 1 
Electric and Magnetic, 16 
Practical, 16, 17 
Symbols for, 18 
Unstable Conductors, Oscillations, 259 
Unsymmetrical Impedances, 232-238, 
409, 476 
Upper Atmosphere and Signals, 170 
Vacuum Tube Detectors, see Ionie 
Tubes 
Tube in Telephony, 463 
Valency of Elements, 42 
Vallauri, G., 242 243, 299, 334 
Vallauri’s Doubler, 233 
Valve as Generator, 240 
Frequency Changer, 238 
Receiving Set, 390 
See Ionic Tubes 
Van der Wonde, 406 
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Vane Condenser, 369, 380 
Vanni’s Experiments, 460 
Variable Condensers, Plate, 369, 380 
Tubular, 368, 382 
Variable Inductance Coils, 365, 379 
Variometer, 365 — 
Velocity of Electric Waves, 79 
Virtual Resistance with A.C., 51 
Virtual Values (see Effective), 96 
Visual Voltage, 37 
Vlug, A. E, J., 269 
Vollmer, 202 
Volt Defined, 16 
Voltage, &c., in Arcs, 39 
in Coupled Cireuits, 93-95 
in Coils and Condensers, 370 
in Resonance Transformer, 104 
in Sparks, 33, 198 
in Transformers, 100 
Volume Resistivity Defined, 28 
Vreeland, F. K., 260, 286 
Vreeland’s Generator, 260 
Vulcanite, see Kbonite 
Wall’s Quenching Circuits, 214 
Walter, L. H., 276, 285 
Warburg, 35 
Washington, see Arlington 
Washington, B., 204, 442 
Watson, E. A., 34, 37. 
Wave-changing Switch, 414 
Wave Filter, 377, 389 
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Wehnelt Break, 269 
Weicker, 31, 39 
Weidig, 37 
Wellisch, 305 


of Ionic Tubes, 254, 257 
Telephone Plant, 471 


Wet Electrode Spark, 193 


Wavelength and Frequency Abac, 82 


Coupled Cireuits, 9], 92, 371 
Formule, 84 
Most Efficient, 130 
Natural, 114, 122-126, 130 
Optimum, 149 

Wavemeter, 115 
Calibration, 115 


Waves, Electric, Formule, 79, 84, 148 


Waves on Antenne, 121-125 
on Solenoids, 114 
on Wires, 109-114, 482 

Wax as Dielectric, 366, 369 

Weather and Signals, 154, 171 
and Xs, 178 

Weber, Unit, 17 

Webster, 66 

Wegener, 162 
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Wheatstone Transmitter, 339, 438 
Whispering Gallery Theory, 169 
White, W. C., 250, 295 


White's Oscillating Tube Circuits, 250 _ 


Whitehead, J. B., 37, 39 
Whitworth Screw Thread, 44: 
Wien, M., 78, 190, 199, 356 
Wiesinger, 214 
Wigand, 163 
Willows, RB. S., 289 
Wilson, E., 264, 284 
Wilson, W. H., 262, 264 
Wilson Spark Coil, 264 
Wind and Tension of Wires, 146 
and Xs, 178 : 
Wire Ropes, 147 
Gauges, 45 
Wire-wave Telegraphy, 482 
Wired Wireless, 482 
Wireless Compass, 447-448 
Wireless Telephony, see Telephony 
Wires, Catenary lbormulz, 146 
Copper Data, 46-49 
Diameter for h.f., 52 eee 
Data for Resistance Materials, 50 
Oscillations on, 109-114 
Wollaston, 286, 287, 322, 327 
Wollaston Wire, 286, 287, 322, 327 
Wooden Masts, 137, 412 


Woodland’s Polyphase Discharger, 191 


Wright, G. M., 391 

Xs (see Strays), 175, 179 

X Stoppers, 180, 185, 391 
Yagi, Hidetsugu, 203 
Yokoyama, E., 259, 367, 463 
Zebrikof, 39 

Zehnder. 305 

Zeleny, 33 

Zenneck, J.,117, 160, 163, 238 
Zincite Detector, 279 

Zone Time, 4 
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TABLES AND FORMULZ.. 


In compiling the following Tables and Formule the author has 
consulted the chief standard books of mathematical and physical 
Tables, as well as many original Papers. In the latter case an 
acknowledgment of the source accompanies the data; but in the 
former case individual acknowledgments of the source are not always 
practicable. The author, therefore, wishes to express his indebted- 
ness to the following works of reference: ‘ Tables of Physical 
Constants,’ published by the Société Frangaise de Physique ; Kaye: 
and Laby’s “ Physical and Chemical Constants,” published by 
_ Longmans, Green & Co.; Landolt and Bérnstein’s Tables ; and 
~The Electrician’ Handbook. As regards Inductance Formule, 
very free use has been made of the valuable collection of these 
formule compiled by Rosa and Grover, and published as the January 
“ Bulletin” of the Washington Bureau of Standards, 1912. For: 
some of the other Formule the author is solely responsible ; and some 
of the Physical Constants are the results of measurements made is 
his laboratory. 


ACCURATE EQUIVALENTS, METRIC AND ENGLISH UNITS. 


feuih 1 metre =39:370104 in. =3-280842 ft.=1-093614 yd. 
eee hinon = 2-54000cm. 
I sq. metre = 10-7639 sq. ft.=1-195991 sq. yd. 2s 
Area ...... 1 sq. cm 0°155000 sq. in. 


1sq.inch = 6-4516 sq. cm. 
= 61-027051 cud. in. =1-759803 pints. 
| 1 cu, metre =35°316 cub. ft. 
Capacity...< 1 cubicin. 16-387 c.c. / 
1 cubic ft. =28-317 litres. 
i 0-568241 litre. 
15-432348 grains=0-002204622 lb. 
= 0°0352739 oz. 
0:4535924 kom. 
101602 kgm, 
1 oz.(avoir.) = 28-3495 gm, 


The above numbers relate to U.K. standards. The difference between 
U.K. and U.S.A. standards is shown by the following table :— 


lyard U.K. =0-914399 metre. 
1 yard U.S.A. =0-914402 oe 


= 

F 

apa 

eoeyhs 
) 
B 

| || 


llb. avoir. U.K. =453-59243 grams. : 
LL lb. avoir. U'S.A.=453-59902 1 


flgallon U.K. =4-545965 litres. 
1 gallon U.S.A.=3-785434 _,, 


Notr.—1 litre=1000-027 c.c. . tae age 
Eartu.—1 earth-quadrant=1-000187 x 10° cm. 

-Karth’s equatorial semi-diameter 6-37825 x 10® om. 

' Karth’s polar-semi-diameter 6-35652 x 10° cm. 
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CONVERSION TABLES. 


To reduce: Multiply by 
62 


( Kilometres to miles ........seseeceessessreeeeseeeeeeess 0- 
Kilometres to nautical miles .........--- Rein 0°540 
| Metres to yards ........-eeeceeereeessee ee eeectees 1:1 (1:0936) 
1 Metres to feet ........ccececcccecesceccccseceesserceesers 3°28 
Centimetres to inches ...........sseeeeeeeereeeeeeneres 0-394 
Length Millimetres to mils............ecscceeeeeeeereeeeeeee teens 40 (39:4) 
ene a, Miles to kilometres ..........:.scseeceeeeereertence cers 1-61 
Nautical miles (6080 ft.) to metres ......---+-+++ 1852. 
Yards to metres .......sccceeeerencrcncseeeserseceesoees 0-914 
| Feet to metres ..........-sseneseseeserseescescercereces 0-305 
| Inches to centimetres .....-.---sssesesseseereeeceesees 2°54 
\-Mils to millimetres ...... PRG pO TE S100 0-0254 
Sq. metres to Sq. yAards.......sseeeeesereeeeerereererees 1-2 
Sq. metres to sq. feet ........cceeeeeeeereee ere erees -}1 (10-76) 
Sq. centimetres to sq. inches ........++-+s-seeeeeeees 0-155 
nies J} Sq. millimetres to sq. InGhES:.ccs. suseocenseancee Poe 0:00155 
ia reas Sq. yards to sq. MEtTeES ....-eeeeeeeeesrese eer et econ’ 0-84 
| Sq. feet to sq. Metres: ........eeeeeeeeesetee nsec ence ees 0-093: 
Sq. inches to sq. centimetres........-sees+-seeseeeees 6-45 
Sq. inches to sq. millimetres .....--+-.++++sesreeeees 645 
Cubic metres to cubic yards ........:...:eseeeeereees 1-31 
Cubic metres to cubic feet ..........-:.eseereeee rere 35°3 
eltime } Cubic em __ to cubic niches We<. eiks seep aee cee ree 0-061 
Tid et \ Cubic yards to cubic metres ........--.+eeseeeeeeeees 0-76 
Cubic- feet to cubic metres~........-..seeeeeeeeeeerees 0-0283. 
Cubic inches to cubic CM. ........--.seeeseeeeeeeeees 16-4 
Litres to cubic feet ......0... eee eeeeeeeeee ees ee eee eeeee 035 
Litres to gallons .......-...ceeveeeeeeereenec tee eeneens 0-22 
Cubic metres to gallons ...........eesereree rene eee sees 220- 
| Gallons to cubic feet........s.sessseeeesessereeerertcnss 0-16 
Capacity........ 4 Gallons to cubic inches ........seeeseereeeeeeese ress 277 
Gallons to cubic centimetres..........sseeeeeeeeeeeee 4536 
| Gallons to litres .........ssececeeeeeseeereccesenseecerss 4-54 
Cubic feet to litres -.......eceeeeeeeeeeeneeeseeeeerees 28-3 
Cubic inches t0 litres......... ccsessenseeereeecreeeeeees “164 
TONNES tO TONS ceecceccccercccceceeccncsecenseesereeres 0-984 
[uinta £0. CWhe cccvodcccccderdulesecbaecere sxonewagesscn 0-197 
Kilograms to pounds .......ssssseerseresserenceneeees 2-2 
| Kilograms to OUNCES ...-..seeseseeree ress steeee een eres 35 (35:3 
Grams tO OUNCES ......ceceeeeeeee nec eeereesenearseeeees 0-035 
Grams tO Qrains ......cseceeeeecererecereereerseeeeceens 15-4 
Milligrams to grains ..........:+-sseeeerereeereesse nents 0-0154 
Mass.......-+-+- 2 Tons to kilograms .......-..-.ssseeeneteeeete ees eees 1000 (1016) 
: -Cwt. to kilograms .......-seseeeseceeecnenee een eceseces 50 (50-8) 
_| Pounds to kilograms .........e:seseeesereersee sees eees 0-45 
Pounds tO QraMS .....cseeeeeeseeeeeeseeeece eee reees 454 (453°6) 
Ounces tO QTAMS .......eseeeeeeee tener ecer seen er er sees: 28°35 
Grains tO QraMS 2.0... ..scecesceecersreeeeeeesenenetence 0-065 
Grains to milligrams ...........seseeeeeeseereeerereees 65 (64:8) 
Pounds avoir. tO QrainS ........seeeeeesseeewer eee es 7000 
~Litres of water to Ib. ........ceece seen eee ee renter ene es 2-2 
Pounds of water to litres .........seeseeeeeeeeeeeeeee 0-454 
Gallons of water to Ib. ....... eee eeeee rere eee eeenees 10 
Pounds of water to gallons ..........seeeeeeereeeeeees 0-1 
Water.......... Cubic feet of water to Ib. ......ceeseeeeeereeeeees 62-3 (62-27) 
Pounds of water to cubic feet .........+sseeereesees 0-016 
Cubic feet of water to OUNCES.........---seereereeeee 998 
Cubic inches of water tO OUNCES .......+seeeereeeeees 0°58 
Cubic inches of water to grains .......... ocecbeteuae 253 
2 


ae 


CONVERSION TABLES. 


To reduce : Multiply by 
Feet per minute to miles per hour .........26..... 0-0113 
Feet per minute to centimetres per second....... 0-508 
Miles per hour to feet per minute .............0000. 88 

Velocily......... Kilometres per hour to cm. DOr SECON’ .o.44.0res se 27-8 
Metres per second to feet per minute ............ 197 
Miles per hour to cm. per second............06.-00e08 44-7 
Knots to om. per second ....0...0...ceccesceceseocece 51-5 
Megadyiied:t0 grains 1,..c6scsscce--sccvcce oc sesh sobek 1019 
Gram-weight to Cyne .........,....c0sececcesscaseeece 981 
Kilogram-weight to megadynes ............s0eceee08 0-981 

Force.<....,,... 2 legadynes to pounds: .0.2.......es.ececossccecocdeeces 2-25 
Megadynes to poundals ..............cescessneescoseee 72:3 
Pound-weight to megadynes .............ceeeeceeees 0-4450 
Poundsls th dynes: ©... eso tact Akins 13825 
Pounds-to:poundals: . ats. ee ee ee 32-2 
Megadynes per sq. cm. to grams per Sq; Clly.. 1... 1020 
Megadynes per sq. cm. to Ib. per sq. ft.............- 2087 
Megadynes per sq. cm. to lb. per sq. in.............. 14-5 
Dynes per sq. cm. to grains per sq. inch .......... 0-1014 
Kilograms per sq. cm. to megadynes per sq. cm... 0-981 
Kilograms per sq. cm. to tons per sq. foot ....... 0-915 
Kilograms per sq. cm. to lb. per sq. foot ......... 20°5 
Kilogramis per sq. cm. to lb. per sq. inch ......... 14°22 
Tons per sq. foot to Ib. per sq. inch................ 15-56 
Tons per sq. foot to kilograms per sq. cm. ...... 1-09 

Stress... - Lb. per sq. inch to grams per sq.cm. ...........44 70-3 
Lb. per sq. foot to kilograms per sq. metre ...... 4-88 
Lb. per sq. ft. to dynes per sq. CM.........seccecseeee 479 
Grains per sq. inch to dynes per Bs Ollie cease va 9-86 
Atmospheres to kilograms per sq. cm.............. 1-033 
Atmospheres to megadynes per SQ. CNL G cidewsesen 1-013 
Atmospheres to tons per 8q. f00t .........eeeeeeeees 0-946 
Atmospheres to Ib. per sq. inch ............e0ee00. 14-7 
Mercury, cm. at 0°C. to megadynes per sq.cm.... 0:0133 
Mercury, inches at 0°C. to megadynes per sq. cm. 0-0339 
Head of water (metres) to lb. per sqoiner.., 1-4 
Head of water (feet) to lb. per sq. in. ........ wade 0°43 
Waoules: toveraag saute ners fteccet te 10° 
Joules to kilogrammetres.................csecceseseess 0-102 
Joules to foot-poundals — ..............csccseccesceeses 23-73 
lowles. to toot-lbas <;nsah aac ncoe o es 0-737 
Joules:to pramealories ’., 4.02. .csscsececdecsracssccccse 0-239 
ssowlesto lb. doom h se aietn ste, wor baer 0-00095 
Kilogrammetres to joules ...........cccscceneeeee eee 9°81 
Kilogrammetres to ft.-lb. ..... saregaa tad eee setee oo 7:24 
Kilogrammetres to gm. calories ..........s006. 6+. 2°35 
Kilogrammetres to Ib. deg. F. f.......0000.eeecceeee 0:00930 
Gram-centimetres to ergs............. bere See 981 

_ ‘Werk & Energy Foot-poundals to joules ..........eccccccccececcceceee 0-0421 
Hootslbsto joules..2.o2 erie ae ee 1-356 
Foot-lb. to kilogrammetres ..2......000.05c00ecse005 0s 0-1382 
Calories: (gm.) to-joules:., 025, abe SB es 4-180 
Calories to kilogrammetres ....0........c0cceeceessees 0-426 
eCalories to:foot-[b.29 2k... eS. 3°08 
Calories todb: deg. Bi) .2. 257 Sk Os, . 9003938 
Ub dora Nito joules to rs Shire ee 1052 
Lh. deg. F. to kilogrammetres .............¢ccc00ee0. ; 107-2 
Lbadeg= i to foot-Ibe cnr de 775 
Lb deg. Fto gm. calories <.60.5.0000.2).clesesecncess 252 
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wogeluce: CONVERSION TABLES.—contd. Multiply by 
Kilowatts to joules per SeCOnd ........seeeeeeeeeeees 1,000 
Kilowatts to foot-Ib. per second..........seseeseeee ‘ 737 

Kilowatts to horsepower ........ doe tacos tas ehaneae 1:34 

Watts to kilogrammetres per second .........-- i ee 

Watts to foot-poundals per second ....-..++++++++8 23-73 

Watts to foot-lb. per Minute ..........:.-seeedeeeeee 44°2 

Poncelets to kilogrammeters per second ...,....+- 100 

Poncelets to Watts........sseceeeeeereereersensseretecees 981 

Paice 2 Poncelets to H.P. .........sescceresececceseeneeececrese 1-316 
****\ Force de cheval (Pferdestarke) to kilowatts....... 735 
Force de cheval to kilogrammetres per second..:.- <- 75 

Force de cheval to H.P. ........eeeeeeeeeseneeseecenees 0-99 

E.Py to watts 2. sti ssteccccsccemseenesceeseeescatnbeseten 746 

H.P. to kilogrammetres per second .......++++++++ ; 76 

H.P. to force de cheval .........sseeeeeeeseceneseeeees 1-014 

H.P. to foot-lb. per minute —.......eeeeee sere eee eees 33000 
Foot-poundals per second to watts........+-+++++++ 1-356 

Foot-lb. per second to watts .......ssesserserereseees 0-042 


STANDARD TIME. 


An hourly zone system of Standard Time has been adopted in many 
countries as follows :— 


Greenwich Mean Time (Western Europe Time): Algeria, Belgium, 


Faroe Islands, France, Gibraltar, Great Britain, Portugal, Spain. 

One hour fast of G.M.T. (Central Europe Time): Austria- Hungary, 
Angola, Congo, Denmark, German South-West Africa, Germany, Italy, 
Malta, Norway, Servia, Sweden, Switzerland, Tunis. 


Two hours fast (Eastern Europe Time): Bulgaria, Cyprus, Egypt, 


Portuguese East Africa, Roumania, South Africa. 

Four hours fast: Mauritius, Reunion, Seychelles. 

Five hours fast :. Chagos Islands, Portuguese India. 

Five and a-half hours fast: Ceylon, India (except Calcutta). 

Siz hours fast: Calcutta. 

Six and a-half hours fast : Burmah. 

Seven hours fast: Federated Malay States, French Indo-China, Straits 
Settlements. 

Eight hours fast : British North Borneo, East Coast of China, Hong 
Kong, Kiau Chau, Labuan, Philippine Islands, Shanghai, Western 
Australia. 

Eight and a-half hours fast: Korea. 

Nine hours fast: Chemulpo, Japan, Seoul. 

Nine and a-half hours fast: Guam and South Australia. 

Ten hours fast: Caroline Islands, New Guinea, New South Wales, 
Queensland, ‘Tasmania, Victoria. 

Eleven and a-half hours fast: New Zealand. 


Zleven and a-half hours slow : Samoa. 

Ten and a-half hours slow: Hawaii (or Sandwich) Islands. 

Nine hours slow: Alaska. 

Eight hours slow (Pacific Time) : From 1124° W. to the West Coast 
of U.S.A. and Canada. 

Seven hours slow (Mountain Time): Between 974° and 1123° W. in 
U.S.A. and Canada. 

Six hours slow (Central Time) : Between 824° and 974° W. in U.S.A. 
and Caneda, and Honduras. 

Five hours slow (Eastern Time): Between 674° and. 824° W. im 
U.S.A. and Canada, and Chili, Panama, Peru. 
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STANDARD TIME. 


Four and a-half hours slow: Venezuela. 

Four hours slow {Atlantic or Inter-Colonial Time): From the East 
Coast to 674° W. of U.S.A. and Canada, and Nova Scotia, . Prince 
Edward Island, British and French Guiana, Grenada, Martinique, 
Miquelon, New Brunswick, Porto Rica, Tobago, Trinidad. 

‘Two hours slow: Azores and Cape Verde Islands. 

One hour slow: Iceland, Liberia, Madeira, Portuguese Guinea. 


QTHER STANDARD TIMES, 


PIOULNA, 7 hss} setctee — 19min. 32:1 sec. fast of Greenwich M. Time 
WPPCCE OT Sens seeet dese 1 hour 34 min. 59-9 sec. ,, oy 
AUSSIE Sieeidiwd sche’ 2 hours 1 min. 18-6 sec. ,, x 
LAGER rape Re a RN 7 hours 19 min. 14:5 sec. ., es 
ETOUAN. -Peeciesc 03% — 25 min. 21-1 sec. slow of Greenwich M. Time 
ASCENSION .....0065 — 57min. 36 sec. ,, 5 
BTU IE a «vec vosideea 2 hours 52 min. 41-4 sec. ,, a 
Uruguay .........00 3 hours 44 min. 48-9 sec. ,, 5 
Argentine Republic 4 hours 16 min. 48-2 sec. ,, # 
Columbia............ 4 hours 56 min. 52:4 sec. ,, A 
Equador ........604. 5 hours 14 min. 06:7 sec. ,, a 
UDG. aces ss. .esee 23-0 Ours 29 min. 23:7 see. .<, ie 
Costa Rica ......... 5 hours 36 min. 16-9 sec. ,, * 
Nicaragua ......... 5 hours 45 min. 10 sec. ,, = 
Salvador ...........- 5 hours 56 min. 32 sec. ,. or 
VN CHICO Scab. ess sle ssc 6 hours 36 min. 26-7 sec. ., 5 


TIME SIGNALS. 


FRANCE. 
Hiffel Tower, 10 a.m. and midnight, G.M.T.; %=2,509 m. 


GERMANY. 
Norddeich, 12 noon and midnight G.M.T.; A=1,650 m. 


JAPAN. 
Chosti, 8:59 to 9:04 p.m., Japanese time, weexdays ; A=600 m. 


MEXICO. 
Camperte, 12 noon, local time ; A=600 m. 


SOUTH AFRICA. 
Cape Town, 11 p.m., standard time; A=600 m. 


UNITED STATES OF AMERICA. 


Atlantic Coast. 
Arlington (high power), 12 noon and 10 p.m., Eastern time ; A=2,500m. 
Key West, 12 noon, Eastern time, A=1,000 m. 
New Orleans, 12 noon, Eastern time, A=1,000 m. 
Failing Arlington high-power set, the low-power set emits the signals, 
and also Boston, Newport, Norfolk and Charleston, 


Pacific Coast. 
Mare Island, 12 noon and 10 p.m., Pacific Time ; A=2,500 m. 


‘Eureka, 12 noon week days > A=1,400 m. 
San Diego, * A A=2,000 m. 
North Head, . = A=2,000 m. 


Nautical Miles. 
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Statute Miles. 


Statute Miles per Degree of Latitude. 
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Statute Miles per Oegree of Longitude. 
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ABAC: DEGREES OF LONGITUDE 


AND LaTITUDE CONVERTED 
SHOWN ON THE CENTRAL SCALE. 


Statutes Mines, at THE LATITUDE 


ROOT TABLES, &e, 


SQUARES, CUBES, SQUARE ROOTS AND CUBE ROOTS OF 
| NUMBERS. 


No. 


CHOIAARWOr | 


Square. 


Cube. 


=e owe 


Cube 
. Root. 


v 


) 


a 


| 


Square. 


2,116 
2,209 


'| 2,304 


2,401 
2,500 
2,601 
2,704 
2,809 
2,916 


| 3,025 


3,136 
3,249 
3,364 
3,481 
3,600 
3,721 
3,844 
3,969 
4,096 
4,225 
4,356 
4,489 
4,624 
4,761 
4,900 
5,041 
5,184 
5,329 
5,476 
5,625 
5,776 
5,929 
6,084 
6,241 
6,400 
6,561 
6,724 
6,889 
7,056 
7,225 
7,396 
7,569 
7,744 
7,921 


Cube. 


97,336 
103,823 
110,592 
117,649 
125,000 
132,651 
140,608 
148,877 
157,464 
166,375 
175,616 


185,193 | 


195,112 
205,379 
216.000 
226,981 


238,328 | 


250,047 
262,144 
274,625 
287,496 
300,763 
314,432 
328,509 
343,000 
357,911 
373,248 
389,017 
405,224 
421,875 
438,976 
456,533 
474,552 
493,039 
512,000 
531,441 
551,368 
571,787 
592,704 
614,125 
636,056 
658,503 
681,472 
704,969 


8,100 | 729,000 
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SQUARES, CUBES, SQUARE ROOTS AND CUBE ROOTS OF 
NUMBERS.—Continued. 


es 


| 152,100 
| 168, 100,68,921,000 


Cube. 


153,571 
778,688 
804,357 
830,584 
857,375 
884,736 
912,673 
941,192 
970,299 
1,000,000 
1,157,625 
1,331,000 
1,520,875 
1,728,000 
1,953,125 
2,197,000 
2,460,375 
2,744,000 
3,375,000 
4,096,000) 
4,913,000 
5,832,000 
6,859,000 
8,000,000 
9,261,000 
10,648,000 
12,167,000 
13,824,000 
15,625,000 
17,576,000 
19,683,000 
21,952,000 
24,389,000 
27,000,000 
29,791,000 
32,768,000 
35,937,000 
39,304,000 
42,875,000 
46,656,000 
50,653,000 
54,872,000 
59,319,000 
64,000,000 


78,400, 
84,100 
90,000 
96,100 
102,400 
108,900 
115,600 
122,500 
129,600 
136,900 
144,400 


, 160,000; 


Sq. 
Root. 


V/ 


9-539 
9-591 
9-643 
9-695 
9-74 
9-797 
9-848 
9-899 
9-949 
10-00 
10-24 
10-48 
10-72 
10-95 
11-18 
11-40 
11-61 
11-83 
12-24 
12-64 
13-03 
13-41 
13-78 
14-14 
14:49 
14-83 
15-16 
15-49 
15-81 
16-12 
16-43 | 
16-73 
17-02 
17-32 
17-60 
17-88 
18-16 
18-43 
18-70 
18-97 
19-23 | 
19-49 
19-74 
20-00 


4-514 
4-530 
4-546 
4-560 
4-578 
4-59 
4-610 
4-626 
4-64 
4-718 
4-79 
4-863 
4-93 
5-060 
5:06 
5-13 
5-19 
5-31 
5-42 
5:53 
5-64 
5-74 
5-84 
5-94 
6-03 
6-12 
6-21 
6-29 
6-38 
6-46 
6-54 
6-61 
6-69 
6-76 
6-83 
6-91 
6-97 
7-04 
711 
TAT 
7-24 
7-30 
7:36 


20-24 


7-42 


1,00¢ 


Square. 


176,400 
184,900 
193,600 
202,500 
211,600 
220,900 
230,400 
240,100 
250,000 
260,100 
270,400 
280,900 
291,600 
302,500 
313,600 
324,900 
336,400 
348,100 
360,000 
372,100 
384,400 
396,900 
409,600 
422,500 
435,600 
448,900 
462,400 
476,100 
490,000 
504,100 
518,400 
532,900 
547,600 
562,500 
577,600 
592,900 
608,400 
624,100 
640,000 
672,400 
705,600 


430 
440. 
450 
460 
470) 
480, 
490 
500 
510 
520 
530 
540, 
550, 
560, 
570. 
580 
590, 
600, 
610 
620 
630 
640, 
650, 
660) 
670: 
680 
690 
700) 
710 
720 
730 
740' 
750, 
760 
770 
780) 
790 
800! 
820 
840 
860 
880 
900 


739,600 636,056,000 
774,400 681,472,000 
810,000 729,000,000, 
1,000,000 '1,000,000,000 


74,088,000) 

79,507,000 

85,184,000, 

91,125,000 

97,336,000 
103,823,000 
110,592,000 
117,649,000 
125,000,000 
132,651,000 
140,608,000 
148,877,000 
157,464,000) 
166,375,000 
175,616,000 
185,193,000 
195,112,000 
205,379,000 
216,000,000 
226,981,000 
238,328,000 
250,047,000 
262,144,000 
274,625,000 
287,496,000 
300,763,000 
314,432,000 
328,509,000. 
343,000,000 
357,911,000, 
373,248,000 
389,017,000 
405,224,000 
421,875,000 
438,976,000 
456,533,000 
474,552,000 
493,039,000 
512,000,000 
551,368,000 
592,704,000 


Cube. | 


Sq. | Cuhe 
Root. |Root. 


WA 


20-49 
20-73 
20-97 
21-21 
21-44 
21-67 
21-90 
22°13 
22-36 
22-58 
22-80 
23-02 
23-23 
23-45 
23-66 
23-87 
24-08 
24-29 
24-49 
24-69 
24-90 
25-099 
25-298 
25-495 
25-690 
25-884 
26-076 
26-267 
26-457 
26- 645) 
26-832 
27-018 
27-202 
27-386 
27°568 
27-748, 
27-928: 
28-106 
28-284 
28-635 
28-982 
29-325 
29-664) 9-582 
30-000) 9-654 
31-622! 10.000 


1-54 
7-60 
7-66 
7-71 
117 
7-82 
7-88 
7-93 
7-98 
8-04 
8-09 
8-14 
8-19 
8-24 

| 8-29 

8-33 

8-38 

8-43 

8-48 

8-52 

8-572 

8-617 

8-662 

8-706 

8-750 

8-793 

8-836 

8-879 

8-921 

8-962 

9-004. 

9-045 

9-085 

9-125 

9-165 

9-205 

9-244 

9-283 

9-359 

9-435 

9-509 


COMMON LOGARITHMS. 
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LOGARITHMS. 


— 


| | 
40°56. 3G | "78-855 9 
| 


0 
0 | 00432) 00860} 01284] 01703] 02119] 02531, 02938 
1; 04139) 04532) 04922) 05308) 05690] 06070! 


06446 06819 
12/ 07918} 08279) 08636! 08991) 093421 09691! 10037] 10380 


03342| 03743 
07188] 07555 
10721) 11059 


To 


eee 


obtain 4th 


13 
14 


5 


17609] 17898] 18184] 18469 
16 20412! 20683] 20959] 21219 
17| 23045] 23300) 23553| 23805 
18] 25527] 25768] 28007| 26245 
19| 27875| 28103] 28330| 28556 


30103} 30320) 30535] 80750) 30963 


28780 


1| 82222) 32428) 32634) 32838] 33041 


_ 22) 34242) 34439] 34635] 34830] 35025 
36173) 36361) 36549) 36736] 36922 


24/ 38021) 38202) 38382) 38561) 38739 


- 25] 89794 

26) 41497 
43136 
44716 


30 
31 
82\| 50515) 50651 
'99] 51851! 51983 
84 53148 53275 


$51! 54407| 54531 
86] 55630) 55751 
56820] 56937 
57978| 58092 
59106] 59218 


60206, 60314 
61278, 61384 
62325) 62428 
63347) 63448 
64345] 64444 


| 


50786 
52114 
53403 


54654 
55871 
57054 


68206 


59329 


60423 
61490 
62531 
63548 
64542 


rs 
Re) 


=e e 
1s) 


; 69020; 69108 


65321) 65418 
66276} 66370 
67210; 67302 
68124; 68215 


65514 
66464 
67394 
68305 
69197 


69897| 69984| 70070 
70757| 70842| 70927 
71600] 71684) 71767 
72428) 72509) 72591 
73239) 78320, 73400 


74036) 74115] 74194 


|| 74819] 74896) 74974 


75587| 75664| 75740 
76343) 76418| 76492 
77085] 77159] 77232 


77815| '77887| 77960 
78523] 78604| 78675 
79239| 79309! 79379 
79934| 80003! 80072 
80618| 80686! 80754 


81291) 81353) 81425 
81954| $2020! 82086 
$2607| 82672) 82737 
§3251) 83315, 83378 
§3885| $3948, 84011 


49554) 49693 
50920) 51055 
52244) 52375 
53529) 53656 


54777] 54900 
55991) 56110 
57171) 57287 
58320] 58433 
59439) 59550 


60531) 60638 
61595} 61700 
62634) 62737 
63649| 637 ‘9 
64640) 64738 


65610) 65706 
66558) 66652 
67486) 67578 
68395) 68485 
69285) 69373 


70157) 70243 
71012] 71095 
71850; 71933 
72673) 72754 
73480} 73560 


74273) 74351 
75051) 75128 
75815) 75891 
76567) 76641 
77305) 77379 


78032| 78104 
78746} 78817 
79449) 79518 
80140) 80209 
80821) 80889 


81491} 81558 
82151} 82217 
$2802| 82866 
83442) 83506 
84073) 84136 


11394; 11727) 12057] 12385) 12710] 13033) 13354| 13672 
14613) 14922) 15229) 15534! 15836] 16137] 16435] 16732 


18752) 19033) 19312) 19590 
21484) 21748) 22011) 22272 
24055) 24364) 24551) 24797 
26482} 26717| 26951) 27184 
29003} 29226) 29447 


31175] 31337) 31597 


33244) 33445 
35218} 35411 
37107] 37291 
38917) 39094 


39967] 40140] 40312| 40483] 40654| 40824 
41664! 41830] 41996} 42160! 42325] 42488 
43297| 43457| 43616] 43775] 43933] 44091 
44871) 45025| 45179] 453321 45484| 45637 
'29| 46240| 46389] 46538] 46687| 46835} 46982] 47129] 


47712] 47857! 48001] 48144] 48287 
49136) 49276: 49415 


48430] 48572 
49831) 49969 
51188] 51322 
52504] 52634 
53782) 53908 


55023| 55145 
56229) 56348 
si) s7818 
58546] 58659 
59660. 59770 


60746| 60853 
61909 


61805; 
62839) 62941 
63949 


63849) 
64933 


13988) 14301 
17026) 17319 


19866! 20140 
22531) 22789) 
25042) 25285 
27616) 27646 
29667! 29885 


31806) $2015 
33846) 34044 
35793] 35984 
37658} 3784 

39445] 39620 


40993) 41162) 41330 
$2651) 42813} 42075 
44248 44404| 44561 
45788} 45939) 4669C 
47276) 47422) 47567 


48714| 48855] 48996 
50106] 50243] 50379 
51455| 51587| 51720 
52763] 52892! 53020 
54033} 54158] 54283 


55267| 55388] 55509 
56467} 56585] 56703 
57634] 57749) 57864 
58771 58883) 58995 
59879) 59988, 60097 


60959! 61066] 61172 
62014] 62118, 62221 
63043] 63144! 63246 
64048] 64147/64246 
65031| 65128. 65225 


83646 
35603 
37475 
29270 


figures, see sub- 
sequent sets of 
figures, 


| | 
elleaabaler 148170 191 
61} 81 101 121) 141 162 182) 
58| 77 97 116] 135 154 174 
55|74 92111) 129 148 166! 
53/71 89 106| 124 142 160 


51) 68 85 102| 119 136 153 
49|66 82 98! 115131148 
47|63 79 95i 111 126 142 
1530 46/61 76 91] 107 122 137 
1529 44/59 74 88] 103118 132 


14 28 43] 57 71 85/100 114 128 
14 28 41) 55 69 83] 97 110 124 
13 27 40 53 67 80} 94107 120 
13 26 39] 52 65 78] 91104 117 
13 25 38| 50 63 76) 88 101 113 


12 24 37| 49 61 73 98 110 
12 24 36) 48 59 71 
12 23 35) 46 58 69 
11 23 34| 45 56 68) 79 
11 22 33) 44 55 66 


11 2132) 43.5464 
10 21 31| 42 52.63] 73 
10 20 81) 41 5161] 

10 20 30! 40.50 60 
10 20 29! 29 49 59 


2142 
20 40 
19 39 
18 37 
18 35 


17 34 
16 33 
16 32 


64836 

65801) 65896) 65992 
66745, 66839} 66932 
67669, 67761] 67852 
68574 68664 68753 


69461! 69548 69636) 


70329] 70415] 70501 
71181) 71265] 71349 
72016} 72099} 72181 
72835) 72916] 72997 
73640] 73719] 73799 


74429} 74507| 74580 
75205) 75282) 75358 
75967) 76042) 76118 
76716} 76790} 76864 
77452) 77525| 77597 


78176} 78247) 78319 
78883] 78958) 79029 
79588} 79657| 79727 
80277) 80346| 80414 
80956} 81023) 81090 


81624) $1690] 81757 
$2982| 82347| 82413 
$2930) $2995] 83059 
83569] 83632| 83696 
84198| 84261) $4323| 


66087) 66181 
67025) 67117 
67943: 68034 
68842 6931 
69723, 6y819 


70586! 70672 
714383) 71517 
72263) 72346 
73078) 738159 
73878) 73957 


74663) 74741 
75435) 75511 
76193] 76268 
76938) 77012 
77670| 77743 


78390! 78462 
79099] 79169 
79796] 79865 
80482} 80550 
81158} 81224 


81823] 81889 
82478) $2543 
83123! 83187 
83759} 83822 


84386) 84448 


1019 29) 38 48 57 
919 28; 37 47 56 
918 27137 4655 
918 27/3645 54 
918 26 35 4453| 


917 26 
817 25 
817 25 
816 24 


34 43 52 | 60 6977} 
34 42 51 | 59 67 76. 
33 41 50 | 58 66 74! 
32 41 49 | 57 65 73! 


8 16 24) 32 40 48 | 56 64 72) 


8 16 23 
815 23 
8 15 23 
715 22 
715 22 


71422 
71421 
71421 
71421 
71320 


713 20 
7 13 20 
6.319 
61319 


61219 | 25 31 37 


31 39 47 
31 38 46 
30 38 45 
30 87 45 
29 36 44 


29 36 43 
28 35 42 
28 35 42 
27 34 41 
27 34 40 


27 33 40 
26 33 39 
26 32 39 
25 32 38 


55 63 70 
54 61 69 
53 60 68; 
52 59 67 | 
5158 66 


50 57 65 

49 56 64 
49 56 63. 
48 55 62: 
47 54 61' 


46 53 60. 
46 52 59. 
45 51 581 
44 51 57, 
44 50 56! 
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84510) 84572 
85126) 85187 
-85733} 85794 
86332] 86392 
86923) 86982 


87506| 87564 
88081| 88138 
88649] 88705 
89209] 89265 
89763] 89818 


90309) 90363 
90849} 90902 
91381) 91434 
91908} 91960 
92428) 92480 


92942) 92993 
93450) 93500 
93952) 94002 
94448) 94498 
94539} 94988 


95424) 95472 
95904} 95952 
96379] 96426 
96848) 96895 
97313) 97359 


97772) 97818 
98272 
98722 
99167 
99607 


00043 
00475 
00903 
01326 
01745 


| £2119] 02160 
02531} 02572 
02938} 02979 
03342) 03383 
03743!) 03782 


04139 
04532 
04922 
05308 
05690 


0607 

06446 
06819 
07188 
07555 


07918 
08279 
08636 


04571 
04961 
05346 
05729 


06108 
06483 
06856 
07225 
07591 


07954 
08314 
08672 


t 
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CRA en eAL wae 
84634| 84696) 84757 
85248) 85309] 85370 
85854] 85914] 85974 
86451} 86510} 86570 
87040} 87099) 87157 


87622! 87679] 87737 
88195] 88252] 88209 
88762] 88818] 88874 
89321] 89376] 89432 
89873] 89927] 89982 


90417| 90472) 90526 
90956} 91009) 91062 
91487} 91540} 91593 
92012} 92065) 92117 
92531) 92583] 92634 


93044! 93095) 93146 
93551} 93601} 93651 
94052) 94101); 94151 
94547| 94596) 94645 
95036] 95085) 95134 


95521 
95999 
96473 
96942 
97405 


97864 
98318 
98767 
99211 
99651 


00087 
00518 
00945 
01368 
01787 


95569) 95617 
96047| 96095 
96520) 96567 


97451) 97497 


97909) 97955 
98363) 98408 
98811) 98856 
99255) 99300 
99695| 99739 


00130} 00173 
00561} 00604 
00988} 01030 
01410) 01452 
01828) 01870 


02202; 02243) 02284 
02612) 02653) 02694 
osizs 03060} 03100 


03423: 03463] 03508 
03822 03862! 03902 


04179) 04218] 04258] 04297 


04610} 04650} 04689 
04999] 05038) 05077 
05385) 05423) 05461 
05767] 05806] 05843 


06145] 06183) 06221 
06521) 06558) 06595 
06893) 06930) 06967 
07262) 07298] 07335 
07628) 07664) 07700 


07990) 08027} 08063 
08350) 08386; 08422 
08707| 08743) 08778 


08991) 09026; 09061} 09096) 09132 
09342) 09377) 09412) 09447| 09482 


09691) 09726) 09760) 09795) 09830 
10037| 10072} 10106) 10140) 10175 
10380) 10415} 10449) 10483) 10517 
10721| 10755] 10789| 10823; 10857 


| 


11059) 11093) 11126, 11160: 11193 


84819 
85431 
86034 
86629 
87226 


87795 
88366 
88930 
89487 


84880/ 84942| 85003 
854.91| 85552| 85612 
86094) 86153} 86213 
86688| 86747| 86806 
8727/4| 87332) 87390 


87852 87910) 87967 
88423) 88480) 88536 


85065 
85673 
86273 
86864 
87448 


88024 
88593 


88986] 89042) 89098 
89542) 89597) 89653 


89154 
89708 


90037) 90091) 90146) 90200) 90255 


90580 


91116 


91645 
92169 


92686 


98197 


93702 


94201 


94694 


90741 
91275 
91803 
92324 
92840 


93349 
93852 
94349 
94841 


9634) 90687 
9.1169} 91222 
91.698] 91751 
92221) 92273 
92737 | 92788 


93247| 93298 
93'752] 93802 
942250} 94300 
947 43) 94792 


90795 
91328 
91855 
92376 
92891 


93399 
93902 
94399 
94890 


61218 
61218 
61218 
61218 
61217 


61217 
61117 
61117 
61117 
51116 


51116 
511.16 
51116 
51016 
61015 


51015 
51015 
51015 
51015 


25 31 37 


24 30 36 


24 30 36 
24 30 35 
23 29 35 


23 29 35 
23 28 34 
22 28 34 
22 28 33 
22 27 33 


22 27 32 
21 27 32 
21-26 32 
21 26.31 
21-26 31 


20 25 30 
20 25 30 
20 25 30 
20 25 29 


96988) 97035 


95182) 95231 95279 


95665 
96142 
96614 
97081 
97543 


98000) 
98453 


95713 
96190 
96661 
97128 
97589 


98046 
98498 
98900) 98945 
99344) 99388 
99782) 99826 


00217 | 00260 
00647} 00689 
01072) 01115 
01494) 01536 
01912; 01953 


02325) 02366 
02735) 02776 
03141) 03181 
03543) 03583 
03941} 03981 


04836] 04376, 


04727) 04766 


05115] 05154! 


05500; 05538 
05881) 05918 


06258) 06296 
06633) 06670 
07004} 07041 
07372) 07408 
07737) 07773 


08099} 08135, 


08458 08493 
08814} 08849 
09167) 09202 
09517) 09552 


09864} 09899 
10209} 10243 
10551} 10585 
10890} 10924 


95761 
96237 
96708 
97174 
97635 


98091 
98543 
98989 
99432 
99870 


95328| 95376 
95809, 95856 
96284) 96332 
96755) 96802 
97220} 97267 
97681| 97727 


98137) 98182 
98588) 98632 
99034) 99078 
99476] 99520 
99913] 99957 


00303 
00732 
01157 
01578 
01995 


02407 


00346} 00889 
00775) 00817 
01199) 01242 
01620) 01662 
02036) 02078 


02449| 02490 
02816} 02857} 02898 
03222) 03262) 03302 
03623) 03663) 03703 
04021} 04060} 04100 


04415) 04454! 04493 
04805) 04844) 04883 
05192) 05231) 05269 
| 05576 05614) 05652 
05956} 05994) 06032 


06333) 06371! 06408 
06707} 06744| 06781 
07078) 07115) 07151 
07445] 07482/ 07518 
07809) 07846] 07882 


08171) 08207| 08243 
08529) 08565) 08600 
08884} 08920) 08955 
09237! 09272! 09307 
09587] 09621 09656 


09934) 09968) 10003 
10278} 10312) 10346 
10619} 10653} 10687 


1227 PLO? 


10 


18958} 10992) 11025 
11294/ 11327 11361 


61015 | 19 24 29 


51014 
9 14. 


19 24 29 
19 24 28 
19 23 28 
19 23 28 
18 23 28 


18 23 27 
18 23 27 
18 22 27 
18 22.26 
17 22 26 


LLP LP PLL PP HON TON 


16 20 24 
16 19 23 
15 19 23 
15 19 23 
15 19 23 


15 19 23 
15 19 22 
15 18 22 
15 18 22 
15 18 22 


1418 22 
1418 21 
1418 21 
1418 21 
1417 21 


1417 21 
1417 21 
1417 20 
1417 20 
13 17 20 


17 22 26 
17 21 26 
17 21 25 
17 21 25 
17 21 25 


16 21 25 
16 20 24 
16 20 24 
16 20 24 
16 20 24 


43 49 55 | 


43 49 55 
42 48 54 
41 47 53 
41 47 52 


40 46 52 
40 45 51 
39 45 50 


39 44 50° 


38 44 49. 


38 43 49 
37 43 48 
387 42 47 
36 42 47 
36 41 46 


36 41 46! 
35 40 45! 


35 40 45 
34 39 44 
34 39 44 


34 38 43 j 
33 38 43 
33 38 42! 
33 37 42 
32 37 41 


; 
F 


. 


32 36 41] 
32 36 41 


31 36 40; 


3135 40}, 
31 35 39)" 


30 35 39° 


30 34 39 
30 34 38 
29 34 38 
29 33 37 


29 33 37 


29 33 37; 


28 32 36 
28 32 36 


28 31 35 
27 3135 
27 31 35 
27 31 34 
27 30 34 


26 30 34 
26 30 34 
26 30 33 
26 29 33 


28 32 36 


25 29 33} _. 


25 29 32 
25 29 32 
25 28 32 
25 28 32 
24 28 31 


24 28 31 
24 27 31 
24 27 31 
24 27 30 
23 27 30 


es ee eee ee ee ee ee 


LOGARITHMS 


COMMON LOGARITHMS—Con'‘inued. 


Fi j 
( 0: | 


1 2 a 4 5 :; 6 ; 7 Sohn Oe 12.8) 4 5 e|.1 89> 
—-{| —_ | —_. ——__.- ——_ Ce Se ee EY |e ae en oe Ge 
130 11394; 11498! 11461 11494; 11528 | 11561) 11594; 11€28) 11661) 11694 | 3 7 10 | 13 17 20 | 28 27 30}: 
131° |} 11727; 11760 11793: 11826] 11860 } 11893} 11926) 11959) 11992! 12024 | 3 7 10 | 13 17 20 | 23 26 30 | 
182 || 12057| 12090/ 12123; 12156) 12189 | 12229] 12254] 12287) 19320] 12352] 3 7 10 | 13 16 20 | 23:26 29} 
183 || 12385) 12418 12450 12483] 12516 | 12548/ 12581] 12628] 12646] 12678137 10 | 13 16 20 | 23 26 39 
134 |} 12710) 12743) 12775) 12808) 12840 ] 12872) 12905] 12937] 12969] 13001 }3 610! 1316 19 | 23 26 29 
i 135 13033! 13066} 13098; 13130} 13162 | 13194| 18226] 18258] 13290] 18822136 10/131619 | 22 26 29 |: 
136 || 13354) 138386) 13418] 13450) 13481 | 13513) 13545] 13577| 13609] 1364013 610 | 1316 19 | 22 25 29} 
137 || 18672) 13704] 13735) 13767] 13798 | 13830] 13862) 13893] 13925] 18956136 9/|131619 | 22 25 28 
138 13988) 14019} 14051) 14082] 14114 | 14145} 14176} 14208] 14239] 14270136 9/131619 | 22 25 28 
189 || 14301; 14333) 14364| 14395) 14426 14457) 14489) 14520) 14551] 14582136 9|121619 | 2225 28 
140 || 14613) 14644) 14675) 14706] 14737 | 14768] 14799] 14829] 14860] 14891136 9| 121519 | 222598 
141 || 14922} 14953) 14983} 15014] 15045 | 15076] 15106] 15137} 15168] 15198136 9/121518| 21 25 28 
142 || 15229) 15259) 15290, 15320) 15351 | 15381] 15412] 15442| 15473] 15503436 91121518] 21 24 27 
143 || 15534; 15564) 15594; 15625) 15655 | 15685) 15715] 15746] 15776] 15S06 36 9|121518| 21 24 27 
144 || 15836) 15866) 15897) 15927] 15957 | 15987 16617) 16047| 16077) 16107]36 9 | 1215 18 | 21.24 97} 
145 || 16137} 16167; 16197) 16227| 16256 | 16286) 16316 16346] 16376] 16406}36 9/1215 18 | 2124 97] 
146 || 16435! 16465) 16495) 16524| 16554 | 16584/ 16613/ 16643] 16673] 16702]36 9|121518| 21 24 27 
147 || 16732| 16761) 16791| 16820] 16850 | 16879] 16909] 16938/ 16967| 16997 136 9/ 121518 | 2124 26} 
148 || 17026] 17056) 17085 17114) 17143 }17173 17202, 17231} 17260} 17289136 9! 121518] 20 23 26 
149 |] 17319] 17348) 17377) 17406] 17435 | 17464] 17493; 17522) 17551] 17580436 9| 121517 | 202326 
150: | 17609, 17638! 17667) 17696| 17725 | 17754| 17782, 17811| 17840! 17869} 369 |121417 | 202326 
151 17898) 17926) 17955) 17984] 18013 | 18041 18070! 18099] 18127| 18156] 36 9 | 111417 | 20 23 26 
152 || 18184; 18213) 18241! 18270} 18298 } 18827] 18355] 18384 18412| 18441] 369 |111417 | 2023 26 
153 18469} 18498} 18526) 18554| 18583 | 18611] 18639] 18667] 18696 18724] 368 | 111417 | 20.23 25 
154 18752 18780) 18808] 18837| 18865 | 18893! 18921/ 18949 18977/ 19005} 368 | 111417 | 2029 25 
155 19033. 19061} 19089} 19117| 19145 | 19173] 19201) 19229 19257] 19285} 3 68 |111417 | 2022 25 
156 || 19312; 19340) 19368) 19396] 19424 5 19451] 19479) 19507 19535} 19562] 368 | 111417 | 19 22 95 
157 | 19590; 19618; 19645] 19673] 19700 | 19728] 19756' 19783 19811} 19838} 368 !111417] 192295} 
158 |: 19866; 19893, 19921) 19948] 19976 | 20003} 20030! 20058 20085] 20112] 358 | 111416] 19 22 95] 
159 i 20140: 20167! 20194) 20222) 20249 | 20276/ 20303, 20380) 20358, 20385] 358 111416 )|.19 22 25 
160 |, 20412, 20439 20466 20493; 20520 | 20548] 20575] 20602) 20629) 20656} 358 111416] 19 22 24 
161 |; 20683- 20710, 20737; 20763: 20790 } 20817} 20844! 20871 20898) 20925 | 358 | 111316] 19 22 24 
162 20952. 20978) 21005! 21032! 21059 | 21085} 21112) 31139] 21165] 21192} 358 111316 | 19 21 24{ 
163 | 21219] 21245 21272! 21299) 21325 } 21352 21378) 21405] 21431] 21458] 858 1111316 19 21 24 
164 21484, 21511 21537, 21564) 21590 | 21617] 21643) 21669] 21696] 21722 358 |111316| 18 21 24 
165 21748) 21775 21801) 21827, 21854 | 21880] 21906 21932 21958} 21985] 358 | 101316| 1821 24 
166 || 22011 22037] 22063) 22089) 22115 22141 | 22167) 22194] 22290; 22946] 358 |10 13 16 | 18 21 23 
167 || 22272 22298, 22324 22350} 22376 | 22401) 22427| 22453] 22479] 22505 358 |101316} 18 21 23 
168 || 22531 22557| 22583) 22608) 22634 } 22660] 22686] 22712] 22737 22763] 358 | 101315] 1821 23 
169 | 22789! 22814, 22840" 22866} 22891 | 22917 22943} 22968) 22994 23019; 358 | 101313 | 182023 
170 || 23045 23070! 23096) 23121) 23147 | 23172] 23198] 23223] 23249] 23274] 358 |101815/18 20 23 
171 |} 23300! 23325; 23350] 23376! 23401 | 23426] 23452] 23477) 23502| 235287 358 |10 13 15 | 18 20 23 
172 || 23553) 23578} 23603) 23629) 23654 | 23679] 23704| 23729] 23754] 237791 358 |10 13 15 | 18 20 23 
173. || 23805] 23830) 23855] 23880} 23905 | 23930] 23955| 23980] 24005] 24030] 358 | 10 13 15 | 18 20 23 
174 24055) 24080] 24105) 24130) 24155 | 24180] 24204] 24229) 24254] 24279} 259 . 101215 17 20 22 
175 || 24304) 24329/ 24353] 24378) 24403 | 24428] 24452! 24477/ 24502] 245271 257 1101215 | 17 20 22 
176 || 24551) 24576) 24601] 24625] 24650 | 24674] 24699] 24724] 24748] 24773] 257 1101215 17 20 22 
177 || 24797| 24822/ 24846] 24871] 24895 | 24920] 24944] 24969| 24993] 25018} 257 | 1012 15 | 17 20 22: 
178 || 25042| 25066) 25091] 25115] 25139 | 25164] 25188] 25212] 25237] 25261] 257 | 1012 85 17 19 22 
179 || 25285) 25310) 25384| 25358] 25382 | 25406] 25431] 25455] 25479] 255031 257 |101215 17 19 22 
180 || 25527) 25551) 25575| 25600) 25624 | 25648] 25672] 25696] 25720] 25744] 257 1101214 17 19 22 
181 — 25768) 25792| 25816} 25840) 25864 | 25888] 25912) 25935] 25959] 259838] 257 | 91214]1719 22 
182 || 26007) 26031! 26055 26079; 26102 [| 26126 26150| 26174) 26198) 26221] 257 | 91214]171921 
183 || 26245! 26269] 26293] 26316, 26340 | 26364| 26387] 26411| 26435] 26458] 257 | 91214 171921 
184 || 26482 26505 | 26529} 26553) 26576 26600; 26623| 26647} 26670] 26694] 257 | 91214/161921 
185 || 26717| 26741) 26764| 26788; 26811 | 26834| 26858] 26881] 26905| 26928] 257! 91214 1619 21 
186 || 26951) 26975) 26998] 27021] 27045 | 27068) 27091] 27114] 27138] 27161] 257 91214) 161921 
187 27184) 27207 27231) 27254| 27277 | 27300] 27323] 27346) 27370] 273931257 912141161921 
188 || 27416) 27439) 27462 27485] 27508 | 27531] 27554| 27577! 27600] 27623] 257 { 912141161821 
189 || 27646] 27669 27692! 27715).27738 27761 27784 27807| 27830) 278524 257 | 91114] 161821 
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5 | 6 | 7 | 8 | 9 [r2sjas6 [750 


190 | 27875| 27893| 27921| 27944| 27967 | 27989| 28012] 28035| 28058] 28081 | 257 | 9IL14 (161821) 
191 | 28103) 28126] 28149) 28171] 28194 } 28217} 28240] 28262] 28985] 28307} 257 | 91114 {161820 
192 | 28320) 28353) 28375] 28898] 28421 | 28443] 28466/ 28453) 28511} 28533] 257 | 91114 | 1618 20 
193 | 28556] 28578] 28601] 28623! 28646 | 2668} 28691] 28713| 28735] 28768] 247 | 91113 | 1618 20 
194 | 28780) 28803} 28825! 28847] 2SS70 | 28892] 28914| 28937| 28959] 289814 247 | 91113 | 1618 20 


195 | 29003] 29026) 29048! 29070} 29092 } 29115} 29137| 29159) 29181} 29203} 247 | 91113 | 1618 20 
196 | 29226) 29248) 29270} 29292! 29314 | 29336) 29358) 29: 29403] 20425] 247 | 91113 |151820 
i| 197 | 29447] 29469} 29491) 29513 29535 | 29557) 29579, 20601) 29623] 206451 247 | 91113 | 151820 
198 | 29667| 29688} 29710} 29732] 29754 | 29776| 29798 29820 29842) 29863} 247 | 91113 {151820 


199 | 29885] 29907 29929, 29951 29973 | 29994 30016, 30038 30060] 30081] 247 | 91113 | 151720 


- Base of Common Logarithms = 10. 
Hyp. Log. z= u Com. Log. 2. 


Base of Hyperbolic Logarithms=e=2°T1828, 
Com. Log. z = M Hyp. Log. 2 


Number. Com. Log. Number. Com. Log. 
€=2°71828 0-434 2945 w =3°14159 0-497 1499 ’ 
T ? ‘ at 
p= 230289 0362 2157 “|g = 0°780398 7 S85 0899 ¢ 
7 amy q 
M =0'434204 1-637 7848 “@ 0752859 1-718 9986 5 
ote Vr =1°77245 o-24g 5749 

See p. 13, 


NATURAL SINES, &c. 

In taking the angles given in the left hand column the functions 
are those indicated at the top of Table, but in taking the angles given 
in the right hand column the functions are those indicated at the 
bottom of the Table :— 


es ee ee 


Deg.| Sine. Cosine. | Tan. | Cotan. \Deg. Deg.| Sine. Cosine. Tan. | Cotan. 
| 


01.745 | -99 985] -01 746 | 57-2900 | 89 | 24 |-40 674| -91 355 |-44 523| 2-2460/ 66 
03 490 | -99 939 | -03 492 | 28°6363 | 88 42, 2621 90 631 | °46 631! 2°1445 
-05 234 | -99 863 | -05 241 | 19-0811 | 87 120 | 43 gs7 | .99 879 |-48.7731 20503 1AM 
"06 976 | -99 756 | -06 993 | 14°3007 | 86 | 97 | .45 399 | -89 101/-50953| 1-9626| 63 
‘08 716 | -99 619 | -05 749 | 11-4301 | 85 | 28 |-46 947 | -88295|-53171| 18807) 62 
10 453 | -99 452/-10510| 9:5144| 84 | 29 | -48 481] °87 462 | -55 431] 1-8040 


0 = |1:00 000 0 Infinite | 90 | 23 |°39073| °92 050 |-42 447| 2°3559 
"12 187 | -99 : : 


0 

1 

2 

3 

4 

5 

6 

7 12278} 8-1443 | 83 -50 000| -86 603 |°57735| 1:7321 

8 |°13 917} -99 027|°14 054) 7:1154| 82 ap ee ‘85 717|-60086| 1-6643 | 59 

9 |°15 643 | -98 769) 15 838 | 6-3138 | 81 | 39 | 59 999] -84 805 | -62487| 1-6003 | 58 

10 |-17365| -98 481|-17 633] 5-6713| 80 | 33 | 54 464| -83 867|-64941| 1:5399) 6 

11 | -19 081| -98 163] -19 488} 5:1446| 79 | 34 |-55 919| -82904|-67451| 1-4826| BE 

12 | -20791| -97815| +21 256! 4-7046| 78 ; , 70021! 14281) 5 

13 | 22 495 | -97 437 | -23087| 4-3315 | 77 | o> | 22 208 Spe P 3704 a 
36 | 58 779| 80 952|-72 654! 1:3764] | 

14 | -24 192 ‘97 030 24 933 4:0108 76 37 -60 182 °79 864 °75 355 1°3270 a 

15 | -25 882! -96593|-26795| 3:7321| 75 | 38 |-61566} °78801|-78 129) 1:2799| 5% 

16 |-27 564 | -96126| -28675| 3:4874| 74139 |-62932| -77715|-S0978| 1:2349| bE 

17 | 29 287 | -95 630| 30573! 32709 | 73 64279 | -76 604|-83910! 11918) 50 

18 |-30 902 | -95 106| +32 492| 3-0777| 72 a saz mh a 471 |-86 929 ar 49 

19 | °32 557 | -94552 | -34 433) 2-9042/ 71 | 49 | .e¢913| -74314|-90040| 1:1106| 48 

20 | -34 202 | -93 969 | -36397| 2°7475| 70 | 43 | 68 200) -73 135 | -93 252] 1:0724 AT 

21 |-35 837| -93 358! -38386| 2-6051| 69 | 44 |-69 466| °71934|-96569| 1-0355 | 46 


22 |:37 461] -92 718|-40403| 2:4751) 68} 45 |-70711| -70711| 1 1 | 45 
Deg. | Cosine. | . Sine. Cotan. Tan. \Deg.!Deg.| Cosine. | Sine. Cotan. | Tan. ‘Dee 
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VALUES OF ¢-* 
VALUES OF «-2 


| : 
Beer Olas 4 8 lee yy ty p89 
00 ae 1:00 | 0-990| 0-980) 0-970] 0-961) 0-951! 0-942) 0-932] 0-923) 0-914 
OV Ese: 0-905] 0-896] 0-887| 0-878) 0-869) 0-861| 0-852) 0-844) 0-835| 0-827 

Oe). 0-819| 0-811] 0-803) 0-795) 0-787] 0-779) 0-771) 0-763! 0-756 0-748 
O85 events | 0-741) 0-733] 0-726] 0-719! 0-712! 0-705] 0-698] 0-691) 0-684) 0-677 
ern: 0-670, 0-664) 0-657| 0-651) 0-644) 0-638] 0-631) 0-625) 0-619 0-613 
Gea anes 0-607) 0-601) 0-595] 0-589| 0-583, 0-577| 0-571) 0-566 0-560) 0-554 
dof Senet 0-549) 0-543) 0-538 0-533) 0-527] 0-522) 0-517| 0-512, 0-507 0-502) 
Orie... 0-497] 0:492/ 0-487| 0-482) 0-477| 0-472| 0-468| 0-463, 0-458 0-454 
OS... 0-449] 0-445] 0:440| 0-436] 0-432] 0-427) 0-423) 0-419) 0-415) 0-411 
gee 0-407) 0-403] 0-398) 0-395] 0-391] 0-387) 0-383) 0-379, 0-375, 0-372 
BG sestivecus 0-368) 0-364! 0-361) 0-357| 0-353] 0-350/ 0-346) 0-343) 0-340, 0-336 
lelerest,.. 0-333] 0-330) 0-326) 0-323} 0-320] 0-317] 0-313] 0-310] 0-307] 0-304 
Jae 0-301) 0-298] 0-295] 0-292} 0-289] 0-286) 0-284 0-281) 0-278 0-275 
Bee... 0-273] 0-270| 0-267) 0-265, 0-262] 0-259) 0-257| 0-254) 0-252 0-249 
ee, 0-247| 0-244) 0-242/ 0-239 0-237] 0-235] 0-232| 0-230) 0-228 0-225 
| en 0-223] 0-221| 0-219] 0-216, 0-214] 0-212| 0-210) 0-208) 0-206) 0-204 
Re aang 0-202] 0-200} 0-198] 0-196, 0-194) 0-192] 0-190] 0-188) 0-186) 0-184 
kg hecne ee 0-183] 0-181| 0-179) 0- cre 176| 0-174} 0-172, 0-170| 0-169} 0-167 
Soe 2 0-165} 0-164) 0-162) 0-160, 0-159} 0-157 0-156) 0-154 0-153 0-151 
1-9 ........./0°150| 0-148} 0-147| 0-145) 0-144! 0-142 0-141) 0-139) 0-138) 0-137 
2-0 .........| 0-135] 0-134) 0-133) 0-131] 0-130 0-129] 0-127] 0-126) 0-125] 0-124 
MeN sc 22 0-123] 0-121/ 0-120 0-119 0-118 0-116] 0-115, 0-114 0-113) 0-112 
eae ts. 0-111] 0-110} 0-109, 0-107, 0-106 0-105 0-104! 0-103) 0-102) 0-101 


Interpolation for third and fourth decimal figures of index :— 
Example: Find ¢—‘0924, 


IEONIL COG Corn 000K iy acc San bse sets vents en saccodvcens =0-951 
Roughly, 0-951 X0-0024 ......... cece sesso ee eee ee =0-002 
Subtraction ...... D eRwS caus aadveusinecdivet 0-949 


Extrapolation for larger indices than 2-29: Use the fact that 
e72°303—(-1. 


Example: e—3"74=€—2'30.x e—1'44=0-1 X 0-237 =0°0237. 


Notze.—lfz<0-05 ¢-%=1—2z 


Iix<0-2 e-*=l—a+42? \ within 0-1 per cent. 


MATHEMATICAL CONSTANTS AND FORMULZ. 


Ratio of circumference’to diameter of circle r=3'1416. 


is 1 

7 =1°5708 + = 4-1888 ~ =0-3188 
2 3 nates: 

7 =0°78508 129-870 4/n=1-772 
4 = 12°566 m—=31-01 ‘er = 1-465 


- Angles. 
1 degree= + radian=0-01745 radian, 


1 radian=!20 degrees =57°-2958 
Tv 
=57° 17’ 45” =206,265 seconds, 
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Logarithms. 
Base of natural logarithms e=2-71828, 1/e=0-3679+e2=7:3800 | 
To convert— 


natural logarithms to common, multiply by log,)»e=0-43429 
common logarithms to natural, multiply by 2:3026. 


(See p. 12.) 


Various Formulz :— 


Binomial . (1+2)"=1+nz+ Bes 9 re ee = =p pe a 


for «<1 numerically, 


° e ue 
Logarithmic . log(l—a#)=—(#+5+ 3+ jie aetentie 


for <1 numerically, 


3 x3 
Exponential. eal+ety 5+ 1.2.37 . . for all values of x 


exp rv=e%, a:=exp (x loge a) 
$(eC+e-%)=cosh xz, 4(e%—e-%)=sinh x 
3(€9+ €-'0)=cos 6, 4(e8—e +6)=csin A 


-cosh .8=cos 0, sinh .@= sin @ 
Trigonometrical. 
; ae Cn tan 0 
sin 6= /1 —cos? ptt ee 
om A/1+tan? 6 
0=*/1—sin? 0 : 
cos 0= SAIN? Ose eee 
4/1-+tan? 6 
sin 0 sin 6 4/ 1—cos' 1—cos? 6 
tan 06=—4— = oS Se 
cos 0 4/1—sin' 1—sin? 0 cos We 


sin (0+ ¢)=sin 0 cos ¢+cos 6 sin g © 
cos (0+¢)=cos @ cos g—sin 0 sin 7) 


These formule are true for negative as well as positive angles, remem: 
bering that ce 
sin (6) sin A cos (—¢)=cos gp 
sin (7—?)=sin ¢, cos(r—o)=—cos p 


_ From the above ae 
a cos 0-+-6 sin 6=1/a?+6? cos (O0— ol &/a) 
=/a+b? sin (9+ J a/b) 
From the above, also, 
sin 206=2 sin 6 cos 6 
cos 206=cos? 0—sin? 06=2 cos? 6é—1=1—2 sin? 6 
2 sin? 6=1—cos 26, 2 cos? 6=1+ cos 29 
sin 30=3 sin 0—4 sin? 0 
cos 30=4 cos? 0—3 cos 6 
2 sin 6 sin ¢=cos (9—¢)—cos (O--¢) 
2 cos 8 cos 6=cos (9—¢)+ cos (0+ ¢) 
2 sin @ cos ¢=sin (6-+ ¢)4sin (9—¢) 
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GREAT CIRCLE DISTANCES ON THE GLOBE. 


; Great Circle Distances on the Globe. 


Let P be the north or south pole, QR the distance required, Q being 
nearer than R to the pole (Fig. 1). Let the latitude of Q be /, of R be U’, 
and the difference of longitudes of Q and R be D: 


Calculate the subsidiary angle 9 from the equation tan 6=cot / cos D, 
and d, the angular distance in degrees and decimals, from the equation 
sin (0+1’) sin 1 


cos 8 


os d 


Then QR=d x 111-0 kilometres 
=d x 69-1 statute miles 
=d x 60 nautical miles 


Tia. 1. 


When the QR crosses the equator put l’ negative in the formula for 
cos d on substituting. 


. The angles A, B, between QR and the meridians at Q, R are given by 
sin Dcos!’ . sin D cos 1 


sin 4==—————-, sin B= —— 
sin d sin d 


HORIZON DISTANCE AND RANGE OF VISION AT SEA. 


Let h be the height of the observer’s eye above sea level, d the distance 
to the horizon, and suppose atmospheric refraction negligible. 
Then 
d in statute miles=1-22 ,/(h in feet) 


din kilometres =2-52 ,/(h in metres) 
An object height h’ is seen by an eye at height / at a distance D given by 
D in statute miles=1-22 { \/(h in feet)+ V/(h’ in feet)} ~ 
Din kilometres =2-52 { y(h in metres)+ /(h’ in metres)} . 
(Table of square roots, pp. 7, 8.) , 
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UNITS OF ELECTRIC AND MAGNETIC QUANTITIES. : 


There are two principal systems of units, the Electrostatic and the 
Electromagnetic. From the latter of these are derived the “‘ Practical ” 
units. The following definitions and tables show the connection between 
these various systems :— . 


The Electrostatic System. 

Unit CHARGE.—The unit quantity of electricity is defined as the charge 
which repels an equal like charge with a force of one dyne when the 
charges are at points one centimetre apart in vacuum (or air). 

Unit PotentiaL DIFFERENCE exists between two points when one erg 
of work must be performed on a unit point charge to move it from one 
place to the other against the forcesf the field. 

Unit CurRENT is that which carries a unit of electricity across a section 
of a conductor per second. 

Unir Capactty is possessed by a conductor placed at a great distance 
from other conductors when, if unit charge be added to it, its potential 
rises by unity. 

Unit Execrric Force is that intensity of field which exerts on the 
unit charge a mechanical force of one dyne. 

Unit Maanetic Force is the intensity of the magnetic field at the 
centre of a circular are of one centimetre radius, and of length equal to 
the radius, when unit current flows along the arc. 

Unit Maanetic Poe is that which is acted upon by a mechanical 
force of one dyne in a unit magnetic field. 


Electromagnetic System. 

Unit Macnetic Powe is that which repels an equal like pole with a 
force of one dyne when they are at points one centimetre apart in vacuum. 

Unit MaGNetIc FIELD is that intensity of field which exerts on the 
unit pole a mechanical force of one dyne. 

Unit CuRRENT is that which, flowing in a circular are of one centi- 
metre radius and length equal to the radius, creates unit magnetic field 
at the centre of the circle. 

Unit Quantity or ELEctricrty is that conveyed across a section of 
a conductor by unit current flowing one second. 

As a consequence of these differences of definition the electromagnetic 
unit of current (for example) is w times the electrostatic unit, where wu, 
the “‘ ratio of the units,’ equals 3 x 101° very nearly. 


Relative Values of Units. 


: Practical unit in terms of 

Symbol. Quantity. pee at Electromag- | Electro- 
; netic unit. | static unit. 

Legs: Quantity ofelectricity,; Coulomb .| 10-1 | 3x 109 
Greet ree GUTTENG Bee een reece Ampere...| . 10~1 3S 
Bie Ve. Voltage, E.M.F., P.D.| Volt ...... 108 4x 10-3 
Rivwesersss Resistance ............ Obit S5-s|.e 4x 102 
CO, Bizt..\° Capacity 3: ..7k 2. <veens 3| Marady. 2... 107? 9x10 
ioe Inductance ............. Henry ....| 109 [sec.) 2x 10-12 
get ree POWERS. BRR: Watt......| 107 ergs per — 
UES Rei bel Work, Energy ........:| Joule ....! 10’ ergs Ee 3 


6 6 


The practical unit of conductance is called the “ mho” or the * réci- 


procal ohm.” 

On the electrostatic system the electric inductivity of vacuum is taken 
as 1, and on the electromagnetic system the permeability of vacuum is 
taken as l. 

Nore.—Approximately, the charge on an electron, the “natural” 


100 
unit, =—— e.8. unit=—— e.m. unit=~— coulomb. Mass of electron 
Tu Tu Tu 


== 9 3 10 tags 
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UNITS OF ELEC. AND MAGNETIC QUANTITIES 


Other electrical and magnetic quantities frequently occurring are :— 


Electromagnetic unit 
Symbol. ' Quantity. in terms of 
Electrostatic. 
eee ————— - 
ioe aA, Electric force or intensity ..............066 3 x 101° 
en Dielectric constant or electricinductivity 4x 10728 
|e coe ae PE GIATISA IONS conn at aodescds< chaevet.serscatd +x 10-1 
Py tree eee. FP OLINGO DIBA Vel vis ie cthaskay dees vneenbehoctaeass 9x 10°° 
Die tee PRETO COT IONE Ghote oes sndh ence ovakpecee snes 3x 101° 
ETS remiee~ Magnetie force of field ..........cces000000ss 4x 10-1 
hoe pees Magnetic induction ............sssecessceees 3 xX 101° 
OM esi ae es Magnetic: MOMONG ™..5...0scc.ctacestsseaseses 3 x 101° 
Fieve v2 PAPO SLG VENUES cc ands Gens ace tahns cee usce 3x 1019 
) ee ao Sait Gaia) ahr ane tea tet ene Pde 9x 10” 
Prt sihs is EVEL YSOCD L0G Mrresiet ts aces ote sca ser sedge vqcsasneps : 9x 10% 
Bric ccees RVOBISUEVIL Yr ak ioaeinee er rccs tts aay tay coches 9x10” 
Bree hen vs| SCOMGUOELVILY i310: 25) A odevts cescesesaeuders 4x 10° 
Ss acs | COBAUCLANOG ite: f...5 0a Jeacanduacéseadeuaes 4x 10-20 
Other practical units in frequent use are :— 
Magnetic {1 Line of Force =1c.g.s. electromagnetic unit. 
Flux 1 Weber =105 a } 
pee 1 Ampere Tom=_— =0°7956 c.g.s. electromagnetic unit. 
Force 1 Gauss =1 on 9» 


Practical Units. 

The connection of these with the electromagnetic and electrostatic 
units is shown in the table above. The following resolutions were adopted 
at the International Conference on Electrical Units and Standards in 
Lordon in October, 1908 :— gy 

(1) The magnitudes of the fundamental electrical units shall, as here- 
tofore, be determined on the electromagnetic system of measurement. 
with reference to the centimetre, gramme and second (c.g.s.) These 
fundamental units are: (1) The Ohm, the unit of electrical resistance, 
which has the value of 10° c.g.s. (2) The Ampere, the unit of electrical 
current, which has the value of 10-!c.g.s. (3) The Volt, the unit of 
‘electromotive force, which has the value 10° ¢.g.s. (4) The Watt, the 
unit of power, which has the value 10’ c.g.s. 

(2) As a system of units representing the above, and sufficiently near 
to them to be adopted for the purpose of electrical measurements, and 
as a basis for legislation, the Conference recommends the adoption of the 
International Ohm, the International Ampere and the International Volt. 

(3) The Ohm is the first primary unit. The International Ohm is. 
defined as the resistance offered to an unvarying electric current by a 
column of mercury at 0°C. 14-4521 grammes in mass, of a constant cross- 
section and of a length of 106°300 cms. 

(4) The Ampere is the second primary unit. The International 
Ampere in defined as the unvarying electric current which, when passed 
through a solution of nitrate of silver in water, in accordance with 
authorised specification, deposits silver at the rate of 000111800 gramme 
per second. 

- (5) The International Volt is defined as the electrical pressure which, 
when steadily applied to a conductor whose resistance is one International 
Ohm, will produce a current of one International Ampere. 

(6) The International Watt is defined as the energy expended pes 
second by an unvarying electric current of one International Ampere 
under an electric pressure of one International Volt. 


H.W.T.T. eulik C 
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SYMBOLS FOR UNITS. | 
(From the Report of the London Physical Society Committee.) 


Unit. Symbol. 
AMPECLE ....eeeeeeeeeeeereees A 
Voltirsccsrecctecc se enn ase vi 
 e) ihis eee Perr tie Pit oe Q 
Coulom ........0ecseeceeee C 
SV OUIG Ss aise is- eet eseense sens J 
Wattisceac sctccee rs secre W 
Brarad.........-sccsececceosee F 
Henry ....ceeeeeeceeereeres H | 


Unit. Symbol 
Watt-hour .........-0++ Wh 
Volt-ampere ......-.+++- VA 
Ampere-hour ......+++++. Ah 
Milliampere ........+++. mA 
Kilowatt: 2.202 s-5steeeas kW 
Kilovolt-ampere......... kVA 

kWh 


Kilowatt-hour ........+. 


Multiple or Sub- multiple. Name. Symbol. 
LQScertee, Ge scaceanes, Mega —__srerdebesceoeseres M 
QE ee oes on sesate ens Kiilo-2 22 ciee tes rae teteaie k 
LOTS2) See reesen sees see Milli-s Sa eee eas m 
hOs9) Paspeets «face ss conse oes Micros ach. nt .adteesesecepe m 
LO FOU is che aecen ns Millimicro- | ........2...se00e0 mu 
10342 eaeae never eoes ens PICO os gedesveswws’ eves p Or up 


‘The old usage of uu as an abbreviation for 10-9 metre is undesirable. 


‘The prefix Billi- is sometimes used 


instead of Millimicro-. 


ALPHABETICAL LIST OF SYMBOLS USED IN THIS BOOK. 


Most of the following symbols 


are in accord with the recommendations 


of the International Electrotechnical Commission and the Physical 


Society of London. 


When symbols are used with other meanings than 


those assigned in this list, such meanings are stated in the text :-— 


A Effective current in amperes ; 
area. 


a Length. 
B Magnetic induction; decay 
coefficient. 


b Decay coefficient ; length. 

C Capacitance. 

c Capacity per unit length ; length. 

D The operator d/dt, where ¢ is 
time. 

d Differential operator ; diameter. 

E Voltage, usually maximum or 
constant. 

e Voltage, instantaneous value. 

F Electric force (in a field). 

f Functional symbol. 

G Conductance; a constant in 
theory of oscillations. 

a A constant in theory of oscilla- 
tions, 

H Magnetic force (in a field). 

4 Height ; length. 


I Current, usually maximum or 
constant value. 
i Current, instantaneous value. 


J Intensity of magnetisation. 
j Current ; miscellaneous. 


K Capacitance. _ 

k Coefficient of coupling ; 
stant. 

L Inductance. 

1 Inductance per 
length. 


a con- 


unit length ; 


M Mutual inductance; magnetic 
moment. 

m Decay coefficient ; 
magnetism. 

N Frequency (spark); number. 

n Frequency (oscillatory) ; number 
of turns. 

P Angular velocity of oscillation ; 
power. 

p Angular velocity=27n, 
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ALPHABETICAL LIST 


Q Quantity of electricity. 
q Quantity of electricity. - 


FR Resistance. 
ry Resistance per 
radius; length. 


unit length ; 


SS Surface area. 
s Miscellaneous. 


T Periodic time of oscillation=1/n. 
t Time, usually in seconds ; thick- 
ness. 


U Energy ; 
field. 


energy density in 


SYMBOLS AND ABBREVIATIONS. 
OF SYMBOLS—Continued. 


u Velocity, usually that of light. 

V Voltage, usually maximum or 
constant. 

v Voltage, instantaneous value. 

W Work, energy. 

w Work, energy. 

X Reactance; mechanical force. 

x Co-ordinates ; length. 

Y Co-ordinate. 

y Co-ordinate. 

Z Impedance. 

z Co-ordinate. 


Roman letters are used as symbols of units and for points in 


diagrams. 


a alpha Angle; coefficient. 

B beta Angle. 

y gamma Conductivity. 

A delta Density. 

Oma as Logarithmic decrement; 
small increment. 


e epsilon Base of natural log- 
arithms. 

¢ zeta Angle, resistance opera- 
n eta Efficiency. [tor. 
6 theta Phase angle. 

« iota Af —1; 


«x. kappa Electric inductivity, 
dielectric ‘‘ constant.” 
A lambda Wave-length. 


A »  Wave-length. 
Be mu Permeability. 


nu Frequency. 


E a Angle. 

rT pt Circle constant. 

p rho Resistivity ; density. 

= sigma Sign of summation. 

o i Surface density of elec- 
tricity. 

Tr tau Time, and assigned in- 
terval. 

@ phi Magnetic flux. 

(aaie Phase angle. 

x ch Angle. 


W pst Phase angle. 

Q omega Symbol for the word 
“ohm” ;angular velocity, 

bt) ee Angular velocity, 


usually of 
force. 


applied 


ABBREVIATIONS AND SIGNS. 


A.C. Alternating current. 

D.C. Direct: current. 

E.M.F. Electromotive force. 
P.D. Potential difference. 

c.g.s. Centimetre, gram, second. 


; e.s. Electrostatic (units). 


e.m. Electromagnetic (units). 

h.f. High frequency. 
R.M.S. Root mean square. 

8.1.C. Specific inductive capacity. 


Units of length: m, metre; cm, centimetre; ft., foot; in., inch, &c. 


Units of volume: 
foot, &c. 


c.c. or cu. cm, cubic centimetre; cu. ft., cubic 


Units of mass: g, gram; gt., grain; lb., pound, &e. 
(For symbols of electrical units and multiples or submultiples, see p. 18.) 
Besides the ordinary signs of arithmetic, the following are used :— 


= “approximately equals.” 

= “equals identically.” 

“is not equal to.” 

f? same as ~, “ divided by.” 

© “infinity.” 

| “the angle whose tangent is.” 


> “is greater than.” 

>> “is much greater than.” 

<< “is less than.”’ 

<< “is much less than.” 

« “varies as,” “is proportiona 
to.” 

exp(—z) is the same as €-2. 
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RESISTIVITY AND OTHER DATA.—ELEMENTS. 


— Density. 
Aluminium ....... ey 54, 
Antimony. ......... 6:6 
ATROMIG Jaehawe-s ates 5:7 
Bismuth ............ 9-8 
CAE DON Si s.s sass sss 1-9 to 2:3 
COPPER ees icscsesesth. Oo 
Gold... 220.2 .n5es00s 19-3 
TPOR Seis. cpha users vet ty 


Tron, wrought 


Tron, wrought 


Jron,-steel ........-; 

ead Bin dew ce 11-4 
Lead, drawn....... rat 
MERCY] cease css 13-595 
NICKEL 7s a2 .ee cans 8-9 
Nickel, 97% Ni.... 

Nickel, electrolytic sist 
Nickel,commercial e 
Palladiam e220. 11-4 
Platinam:-, 3.232%; 21:5 
Selenium ............ 4:8 
Silicones Wesker e. 2°4 
SilVeteos csi 10:5 
Sulphur eyacss-es.% 2-07 
Pantalinas: -cscet. ot 10-4 
Pellarimiinigsc se. tres « 6-3 
SFIIT Paes teat w'nc 713 
PUNGSLEN Goiceneons 19-1 
ANG eden seiteresees ‘ 71 


* In reducing atmosph. 


1062° in air. | 


115 rhombic 
119 monoclinic 


aa int, 
_Melting point, °C. Boiling roe 
657 1800 
630 1440 
wee sublimes 
volatilises { 150 
269 1420 
4-000? 
* 
4 Tes } 2310 { 
Hs 2530 ? 
1505 
(not definite) ate 
DoT 1525 
—38-80 356-7 { 
1435 [thermo.) 2330 ? 
| 1452 (const. vol. N. 
1549 2540 
7-lthermo-|jn.~ 
1710 2450? 
21d 690 
1200 ? 3500 ? 
962 ) const. vol. N. 
960 { thermom. 1955 


444-55 ¢.p.air 
444-7 c.v. N. 


444-53 c.p.N. 
2910 aut: 
450 1390 
Zoe 2270 
| 
3080 
{ 2825 \ CAN Ue 
418 3 


2a 


Resistivity 
(micro-ohms per ¢.c.). | 


3-21 (18°). 
4-13 (100°) 
40-5 (15°) 


34 


119-0 (18°) 
160-3 (100°) 
4,000 to 7,000 
1-78 (18°) 
2-36 (100°) 
Annealed 1-59 (18°) | 
2-42 (18°) 
3-11 (100°) 
12-0 (18°) 
16-8 00°) fe PC. 
5-4 (—160°) 


13-9 (18°) 
18-8 (100°) 


19-9 (18°) 
25-6 (100°) 
20-8 (18°) 
27-7 (100°) 
7:43 (— 160°) 
94-07 (0°) 
95-76 (20°) 
5-9 (—160°) 


11-8 (182) 
15-7 (100°) 


10-7 (18°) 

13-8 (100°) 

11-0 (18°) 

14:0 (100°) 
2x 10?” in dark | 


a (70°) 
‘ 107° ar} 


14-6 (18°) 
21 (20°) | 

3-5 (— 160°) drawn | i 
11-3 (18°) a 
15-3 (100°) 


5-0 (25°) 
2-2 (~-160°) pure | 
6-1 (18°) i 
7-9 (100°) 4 


fis 


ee 


| 
i 


+ High conductivity annealed commercial.” 


Resistivity temperature 
coefficient per °C. x 101. 


hss (18 to 100°) 
39-8 
42 

bap (18°) 
—5:6 to —8-8 


; 42:8 (18°)+ 


140 (0 to 100°) 
62 (18°) 


- 43 (18 to 100°) 


16—42 (18°) 
-43 (18°) 


9-0 (0—24°) 
B,= Ro(1+-0,88+ 05112) 
62-2 


40 3 (10 to 100°) 


62 (0 to 100°) 
27 (0 to 1000°) 


37 (18 to 100°) 


35 (—100 to 0°) 
38 (0 to 100°) 


40 (0 to 100°) 


27 to 33 (0 to 100°) 


15 (0 to 100°) 


10 to 51 (0 to 170°) 


ey 


RESISTIVITY, ETC 


ELECTRICAL VOLUME-RESISTIVITY OF 
VARIOUS PURE METALS AT 0°C., or 
RESISTANCE PER CENTIMETRE CUBE 
AT 0°C. IN C.G.S. UNITS. 


(Fleming and Dewar, 1893.) 


Resistance Mean tem. 
at 0°C. per ea peguils: 


Metal. centimetre| ©Oe#icient 

. between 
Sue ee ion 

C.2.8. ne ae 100°C. 


— 


Silver (electrolytic and ne 1,468 0-00400 


well annealed)* ....... 
Copper (electrolytic and 

well annealed)* ....... \ ea oe 
Gold (annealed) ......... 2,197 0-00377 
Aluminium (annealed)... 2,665 0:00435 
Magnesium (pressed) ... 4,355 0-00381 
ZUG S cas ade tetacee er oe 5,751 0-00406 
Nickel (electrolytic)* ... 6,935 0-00618 
Tron (annealed)............ 9,065 0-00625 
Cadiniiuiits ai vamecke aoe. 10,023 0:00419 
Palladiatitesn. 7.6 ot cosh 10,219 0:00354 
Platinum (annealed) ... 10,917 0-003669 

Wh ini (pressed ). 048i 2ts.si~ se 13,048 0-:00440 

Thallium (pressed) ...... 17,633 0-00398 
Lead (pressed) ............ 20,380 0-00411 
Bismuth (electrolytic)+. | 110,000 0-00433 
Mercury (pure)............ 94,070 0-00098 


rr eS 


* The samples of silver, copper and nickel 
employed for these tests were prepared electro- 
lytically by J. W. Swan, and were exceed- 
ingly pure and soft. The value for volume- 
resistivity of nickel as given in the above table 
(from experiments by J. A. Fleming) is much 
less (by nearly 40 per cent.) than the value 
given by Matthiessen’s researches. 


} The electrolytic bismuth here used was pre- 
pared by Messrs. Hartmann and Braun, and the 
resistivity taken by J. A. Fleming. The value is 
nearly 20 per cent. less than that given by 
Matthiessen, 
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VOLUME-RESISTIVITY OF ALLOYS OF KNOWN COMPOSITION 
AT 0°C. IN C.G.S. UNITS PER CENTIMETRE CUBE. 
(Fleming and Dewar.) 

Mean temperature coefficients taken at 15°C. 


{ 


Rage: | Tempera- 2 “ane 
ane ture om position In per 
Alloy. ee rf coefficient cents. 
at 15°C. 

Platinum-silver.......<s.s0 31,582 | 0:000243 | Pt 33%, Ag 66% 
Platinum-iridium ......... 30,896 | 0:000822 | Pt 80%, Ir 20% ab 
Platinum-rhodium......... 21,142 | 0:00143 | Pt 90%, Rh10% df 
Goldesil ver s20iesseteseen es 6,280 | 0:00124 | Au90%, Ag 10% | 
Manganese-steel............ 67,148 | 0:00127 | Mn 12%, Fe 80% 
Nickel-steel...,............2- 29,452 | 0:00201 | Ni4-35% 2 
German: silvers... 55. <..05-+- 29,982 | 0-000273 | Cu, Zn; Ni, :j 
Piatinold ©2700. /e.5-2 seenseee 41,731 ol 0-0003 Le) > Statens 
WIAD G ANI 221 5 ces sav eo aa 46,678 | 0-0000 Cu 84%, Mn 12%, Ni 4% 
Aluminium-silver ......... 4,641 | 0:00238 | Al94%, Ag6% 
Aluminium-coppet......... 2,904 | 0-00381 | Al194%, Cu6% 
Copper-aluminium......... 8,847 | 0-:000897 | Cu97%, Al3% : 
Copper-nickel-aluminium| 14,912 | 0-000645 | Cu87%,Ni6-7%,Al16-5% | 
Titanium-aluminium...... 3,887, | 000290) | > setae at 
BRS s,s dhe Petey Lis eee es j 

* Platinoid is an alloy first produced by Martino, the composition being ; 


said to be similar to that of German silver, but with a little tungsten 
added. It varies a good deal in composition aecording to manufacture, a] 
and the resistivity of different specimens is not identical. = |i 


ALLOYS (Another Table). re 


M.P Elec. resis- | Temp. coefficient 
Density. oq ° tivity (micro- | of resistance 
| ‘| ohms per c.c.).| per1°C. x 104%. 7 


i 
| 
| 


joo +06(18) a 


German silver (62 Cu, 15 Ni, 22 Zn) 8-3 to 8-8 1090 2 26-6 (0°) 


} 
} 


Brass (70 Cu, 30 Zn) .ecssecseereseoeee 8-2 to 87/1000 Redine ) bio (18°) 
Bronze (88 Cu, 12 Sn) .......00ccse0e et SBE, 18 (20°) coor oh 
Constantan (Eureka) (60 Cu, 40 Ni). ... oe Zo4 Gre }- ‘4 to +-1 (18°) : 

Fusible Metal : -§ 
‘ 64 (0°) 26 | 

Rose’s 49 Bi, 28 Pb, Detoleeees e! eee 94 80 (25°) 4 ‘ 

; 52 (0°) | 20 : 
Wood’s 56 Bi, 14Pb, 14 Sn, 16 ft a 70 85 (75°) See i 

| 16-40 (18°) . 

| i] 


27-6 (100°) 

Invar : 36 Ni, 0-:2C 63-8 Fe.......... a vee ROMO) 20 dh 

: 43-13 (-160° 4 
Manganin (84 Cu, 4 Ni, 12 Zn)...... 8:59 Set Wes ase ) ‘02 to -5 (20°) \ 
Phosphor Bronze (98 Cu,2 Zn) .../... S| 2 -Bt0 10:(189 e ‘ 

(62 Cu, 15 Ni, 22 Zn) 34:4( 18°) | 
Silicon bronze (nearly all Cu)....... Foose oe Saree) 30 
22 y 


Resistance, Ohms, 


RESISTANCE MATERIALS. 


ELECTRICAL PROPERTIES OF RESISTANCE MATERIALS AND- 
RESISTANCE TEMPERATURE CURVES OF ALLOYS. 


[C. V. Drysdale, August, 1907. Measurements were made by A. C.. 
Jolley on wires obtained by J. H. Agar Baugh.] 


(See also last two Tables, the Table following, and page 50.) 


He TUE Bee 
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i il BVAla 
iif Senne 
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— 
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i 
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Niet 
: 


ei 
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Ss 
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a 
oes 
a 
ES 
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i 
K 
Se 


\SSee 


| 


20 30 40 50 60 70 80 90 10¢ 
Temperature, Degrees Centigrade. 


RESISTANCE TEMPERATURE CURVES OF ALLOYS. 
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ELECTRICAL PROPERTIES OF RESISTANCE MATERIALS. : 


3 te) 
2g | Tempore. | EP 
2 Den- |& 3 .| ture co- g 
Material. Maker. sity. |2 § be efficient. ES 2 $ 
3 25 £l0 at 17°C. |B S32 
Nickelin......... SuddeutscheKabelFabrik| 8: 8.82, 39-73 | +0-021 20°75 
Nickelin......... Basse & Lange............. 8:77 | 40-62 | +0-021 20-0 
Nickelin........; FA. Lange ov... sees. 0ten 8-78 | 39-29 | +0-0187, | 19-06 
Nickelin I ...... Fleitmann, Witte & Co...| 9:08 | 43-13,| +0-0024, | 37-5 
Nickelin O...... C. Schniewindt ............ 8-61, | 26-92;| +0-034 19-7 
Constantan ..../Vogel.........cssssceseseseees 8:99, | 47-056, —0-0012 | 37-5 
Constantan ..../SuddeutscheKabelFabrik} 8-97, | 48:3 | +-0-00143,| 35-75 
Soft constantan|Basse & Selve.............-- 8-90 | 48-4 | —0-00112 | 39-12 
Constantan ..../C. Schniewindt............. 8:92, | 48-21 | —0-000732) 57-6 
Manganin ...... SuddeutscheKabelFabrik} 8-61, | 36:62 |+0-00175 | 1-4 
Manganin ...... Isabellenhutte ............. 8:60, | 39-14.) +0-00176,| 1-44 
Rheostan....... Bos anges, e.tsssi ste 8-61, | 47-55 | +0-024 13:8 
Extra prima...|F. A. Lange...........000 8°80, | 29°35 | +0-028 16-55 S| 
Rheostatin I....|C. Schniewindt ............ 8-60 | 47-57.) +0-256 20-75 : 
Rheostatin i: .(C. Schniewindt............. 8-65 | 48-43.) +0-0274 20:9 
Ger. silver IJ.4./Fleitmann, Witte & Co..| 9-05. 42-88,| +-0:00385 | 35-75 § 
Eureka.......... London Elec. Wire Co....| 8-96 | 47-40;) +0-0048 | 40-6 — 
Platinoid ....... London Elec. Wire Co....| 8-83 | 33-62 | +0-0224 | 23-5 ~ 
New metal...... beg 8-96 | 51:10 | +0-0038 35:8 ; 
Superior......... Fleitmann, Witte & Co.. 8-24, | 81-024) +0-1148 7:44 3 
Excelsior No.I.|C. Schniewindt...........+. 8-04 | 80-2921 40-0947 | 46 3 
ExcelsiorNo.II./C. Schniewindt............. 8:75 | 5-792} +0-1417 1-56 ; 
BAER Seccch esses Fleitmann, Witte & Co. .| 8-975 |50-7 | —0-0029 39-12 7 | 
See also pp. 50 to 52 for Wires. 4 


RELATIVE CONDUCTIVITIES. : 


sx 2] 
Material. Copdn erty < 1% tall bt pe aaa t 
eee fe ea. SS te: lcm eee 
PA EATT UY eee det ot Shes inc ietea: 55-0 30-0 
Aluminium bronze... 6.6; cccccesseseece 11-9 9-0 
ANUIBIONY, eunasecs dele ccen kes beecrt tees | 4-15 28-0 
Bismuth...xc cece cer venst erst aus 1-12 25-6 
Carbon (a1c)":.525. i: siete om eites 0-019 to 0:04 0:08 
wo (lamp filam 6nt)..-2.-. 20, .2- 0°027 0-02 
Copper (annealed) ................0008- 72-0 27:5 
Copper (hard drawn).............0600- 90-0 41-0 
German Silver.) cai 2c. c.ktkdl costae 4-89 3°4 
Gold (annealed) ............0sceo0csese 72-0 27°5 
Graplitey.s.:.ssiepuaesetee ee eee. 0-062 —6 
TPO ees sats 25 chs pete es ee 16-2 38-4 
PRIM Copete sts ss gates eet te eines 12 29-0 
Manganese Copper ........eseececceeees 1-37 4-2 
MBN VAN. sts. ccere atc eay ee oe 3°5 0:8 
MGIC REY P5528 .5 cdots ce oes tive tonne 1-56 6-6 
IO RCL eee Carre lraatc hire ee ee 11-9 38°3 
Nickel manganese copper............ | 3°08 0-4 
Palacio ofc; PVG races ek eee 14-3 26-0 
Pigtindtiawtc soccer er ce 13-4 28-4. 
MIGRATE UL VOU .s oposk os ce vee cle ceeteeee 6-04 2-8 
P latin OIG Necsus eek esc aecoeee eee 3°52 21 
EVE OSECNO Feb ee tie. eaonchss cece ga seas 1-92 10:3 
BWheotan .i,27saseisi. er a 2-79 4-0 
Silver (annealed),......2...cccseeseseree | 100-0 28-6 
fA ents Ape Seats SS i RS SOR Ihe: 11-2 30:5 
Zinc ..... és Soudusvavenseanssxpaonhaetesios 25:5 28-6 


— RESISTIVITY OF ELECTROLYTES. 


RESISTIVITY OF ELECTROLYTES. 


Resistivity 
at the average 
, temperature of 


Electrolytes. 15° to 20°C. in 
ohms per centi- 
metre cube. 
Bichromate of potash (saturated solution) .................6) 70 
» (diluted with 10% sulphuric acid) 7 
Bichromate of soda (saturated solution)..............cs00005 22 
»  (diluted'with 50% sulphuric acid).. 85 
Chromic acid (44 per cent. acid+-56% water) ............ 4.8 
a FP eataees 55 acid+ 56% sulphuric acid)... 5:8 
Common salt (saturated solution) .............. ce ececeee eee 4°6 
Hydrochloric acid (20per cent. sol. A 1-11) ............... 1:3 
Cadmium iodide (1 per cent. A 1°007) ............ceeeeeeee 471 - 
se, (Oper CONbo ATL U43).0 2.08. oki s este e ase. 164 
Nitric acid Pose NG lor, os aaeniena pate oes tnahaeueu sores ee sens > 1°6 
2» 5, (20 per cent. CAPA ESL Jit. tot 5 oo cen sane cee a aesis 1-4 
Sem natin LAT M)T )ec oc cess cvcscavdtesdusvabssebeve dss cess 28 
Sulphuric acid (10 per cent. acid A1-07)_ ..............4.. * 2 56 
e ET As ne BOUUA Lc IV los dere nce e awe ee 1:39 
(75 re OH ASE Tire Proninr tees as 6°57 
Sulphate of copper (saturated solution) ..............eceeees 25 
3 (diluted with 25% sulphuric acid) .. 19 
Sulphate of zinc (saturated solution) .............ccsseeeeees 28 


Note.—tThe resistivity of electrolytes falls rapidly as the temperature 
rises. The temperature coefficients range from 0:5% to 2% per degree 
Centigrade. 


Copper Sulphate Solutions at 18°C. 


Ratio weight | Percentage | - a: 4. | Lemperature 
Crystals to | of anhydrous ; BOSIBUNIW ial SGefticiont of 
weight of salt in MAE te | resistivity 

water. solution. cents per degree C. 
039 2-5 1.025° | 91-7 —-021 
08 5-0 1-051 52-9 022 
167 10-0 1-107 31-2 022 
“30 15-0 | 1-168 23:8 023 
35 17-5 1-200 21:8 02.4. 

Zine Sulphate Solutions at 18°C. 
094 | 5 | 1-051 52:3 — -023 
“21 10 1-107 31:2 022 
“36 15 | 1-168 24-1 023 
5S 20 1-232 21-4 024 
85 25 1-305 20-8 026 
fos.) 35 30 1379 22-5 | 027 


Solution of H.SO, of Maximum Conductivity at 18°C. 


Add 378 g. ordinary acid (97% H,SOs) to water and make up to one 
litre. A=1-223. Conductivity in mhos and c.c. is as follows :— 


0° | La one DR Denes eee 
o-5184 | 06408 | 0-7398 | 07645 | 0-8360 
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Conductivity of Water in Mhos and em.-eube 


Lowest attained 


0:04 x 10 -* 


Ordinary distilled 1-4 to 10x10 § 
Melted river ice 


River water 
Sea water 


2x10 * 


20010 ° 


10! x 10-8 


An Electrolyte with Small Temperature Coefficient. 
Dissolve 181 g. of mannitol and 62 g. of boric acid in distilled water 


and make up to one litre. 


The resistivity is approximately 1,000 ohms 


per cm. cube, and the temperature coefficient is 0-2 per cent. per degree C. 
A trifling addition of KCl makes the temperature coefficient almost. nil. . 


RESISTIVITY OF BADLY CONDUCTING COMPOUNDS. 


Compounds. 


Copper sulphide 


Tron sulphide, FeS .............. 
POS os ace cassaeanes 


Lead sulphide. 
Tin sulphide 


bead oxide PhO: vs.sccsasseesss 


Manganese di-oxide 


er 


eoeeeeroesorreesese 


eee eeoeeeseesseseeeeee 


eeceeeceernee 


| 


eecceceoe 


eeoecevee 


eereesoce 


Resistivity 
Resistivity tempera- in ohms pep 
ture coefficient c.c. at room 
per °C. x 104 tem pera- 
ture, 
5 100 
—80 0-1 
—55 15 
—50 0-0003 
— 66 1,000 
6-5 2-0 
: 6-0 


PROPERTIES OF INSULATING MATERIALS. 


Bapiy ConpuctinG So.ips. 


_ Density. 

Bitinaeni sees) ens s teeters team 1:07 to 1-1 
Gellinlowi ita ctrs te nccseeets nae ai 
TEDGNIbC Ss si sscaeuias bbccs tense a eee 1-15 
Glass, conducting ..........++.+- i 

PC MCLOW oa. » sae cto siNecens os16 2-5 to 2:7 

PE MROCAAUING ccs etree vee te a 

pels Cit nhie gay Aa mer Ae eR ALY 3-0 to 3:6 

» vena, combustion ...... es 
Gntta-perchiac...ctsssssecsnesennss 0-98 
Indiatibber ....c.s.ce0c0stensr0 92 to -99 | 
Mar blenitsiccs:seviensapeaeeearers¢ 2°5 to 2°8 | 
MiGs fornia sca tonetee gees exec geen Se 2-7 to 3-1 
PARLIN ss os setrememae eeclak ecnteres'e *87 to -91 
Porcelain (porous) ..........+6. 2:4 
Presspahn, baked _............ ane 
CPA PO iacsies os avs oats wawie wet cen tee 2:65 
SANASTOUC = .dawces ives cee teceees) oie cone 
Shel laser. shies fas Seth Phe Te 1-14 
Silicon (fused): Aieteiise6.a08 cee a 
SOM Gains ccerecorecscauerees ces os 

SLY eaten din Moe sae. olde 1-6 
WOO: (Oni stena svecec cs sdnebe 6 to 9 
W 00d {Pile} F..-a<.0cse denn oe | *4to-8 


M.P. Elec. resistivity 
°C. | (ohms perc.c. at 0°C.). 


8 to 50 x 108 
2 to 80 x 10° 
2 to 30 x 1018 
10§ 
9-1 x 10” at 20°C. 
5-19u 
9-1 x 10" at 20°C, | 
20x LOR 
1 to 100 x 1018 
8 x 10*° (Gutta- percha) 


1100 
1100 


ee, 1014 
54 3x 108 
2x 108 
3x 10! 
1-2 x 104 
3 Xx 10? 
9x 1015 
2x 1014 
1 to 10x 104 
“105 


period oe > Lint 4 de ee eee 
re ee ee ell 


SP wtifes 


ae ee 


* 
; 2 


= 


| 


SS 


VOLUME RESISTIVITY OF DIELECTRICS. 


PROPERTIES OF INSULATING MATERIALS—Continued. 


Alcohol, ethylic.... 


Benzine 


MOENET loci cccersocees 


Glycerine 
Turpentine 
Water* 


Cotton 
Linseed 
Olive 


Petroleum........ 


eoeerereesere 


ss *736 


Cr 


Ceeceseeecoses 
e@eceecesesen 
oo 


“a 87 . 


BaDLy CoNDUCTING LIQUIDS. 


Density. | 


= “794 
..| 880 at 20° | 
1-29 


oe 1-26 


B. 
oC 


315 


Freezing | 


point 
°C. 


* See special Table, p- 26. 


~ 


Elec. resistivity 
(ohms per c.c. 
ban atl eect |. 


0°33 x 10° 


108 (at 4°C.) 
100 


3 x 1018 
1612 

| DLO 

. 5 x 1010 

10912 

abate By 1 to 2x 1018 


VOLUME RESISTIVITY OF DIELECTRICS IN MEGAMEGOHMS 
PER CENTIMETRE-CUBE. 


(From J. A. Fleming’s ‘‘ Handbook of the Electrical Laboratory and 
Testing Room,” Electrician Series.) 


Substance. 


BE ns Petes cis « paved Shona ennk venate ever yeiiens 
Gutta-percha .............cccerocssscoceensosesccosaesooes 


Flint glass 


Glover’s vulcanised indiarubber 
Siemens ordinary pure vulcanised indiarubber ... 
BIL AGES ONE Ped, sic Codon aja Spice mmset os wens aie eeads 


Indiarubber 


Ceo e eee SOHO HOES OH HEHE EEE SESE ESTE HEHEHE HOHE 


eeeeeereeeseoreevveces 


Pee eS OHHH SEHR OHH HHT THE OSS OTE OEE HEH EDEE 


Siemens special high-insulating indiarubber 


Flint glass 


Siemens high-insulating fibrous material 


Ebonite 
Paraffin 


—— 


Values marked * are due to Ayrton and Perry (“ Proc. 
See p. 29 for Surface Resistivities. 


March, 1878). 
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Pe Oe ree ese rer eeeeeso/ res SEEETHTOTESESHSESSHHS EOS 


POCO OHHH SH SETS OSH LE HEHE HTH EHSEHH OHH OSE HHH OHH OSH HEE 


Resis Tempera- 
tivity ture, C. 
61 60 deg. 
84* ye 
450* 24 ,, 
1,020 60e 55 
1,630 15. 
~ 2,280 Lens 
9,000 F Fre 283535 
10,900 24 ,, 


6,170 15222, 
20,000; |--20. ,, 
11,900 Loe55 


28,000* | 46 ,, 
34,000* | 46 ,, 
” Roy. Soc., 
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SURFACE LEAKAGE OVER SOLID INSULATORS. ~~ 


The merits of a substance that is to be used for insulation at low 
voltages are estimated by the absence of surface leakage rather thar 
by the volume resistivity, just as at high voltages dielectric strength 
is of greater import than resistivity. Surface leakage has recently 
(June, 1914) been discussed by H. L. Curtis, of the Washington 
Bureau of Standards. His conclusions confirm and amplify those of 
Detrich, Schroedinger and others. : 

In general when an E.M.F. is appl'ed to a badly conducting solid 
by means of two electrodes the current produced between the elec- 
trodes consists of four parts: (1) The current through the substance, 
which is inversely proportional to the volume resistivity ; (2) the 
current through the film of moisture (?) on the surface; (3) the 
absorption current; (4) the current through the air between the 
electrodes. The last is usually negligible unless the air is continually 
renewed by draughts or its conductivity maintained by an ionising 
agent; the third is negligible after about a minute when the currents 
(1) and (2) are less than those corresponding to a volume resistivity of 
1014 ohms per cm. cube, but makes measurement difficult and doubt- 
ful for such materials as paraffin wax. 


- DEFINITIONS. 


The Volume Resistivity of a substance is equal to the resistance 
between opposite faces of acm cube. By analogy Curtis defines 
the Surface Resistivity as the resistance between two opposite 
edges of a surface film 1 cm square. 


EFrrect oF Humtpity. 


Changes of humidity affect surface resistivity, and the effect lags 
considerably. With a certain sample of hard rubber a change from 
50 per cent. humidity to 93 per cent. made the surface resistivity fall 
from 14x 10!4 ohms-cm to 10:5 after two hours, to 9 after 12 hours, 
andso on. In the following table the data are drawn from measure- 
ments made at least a day after the change of humidity. 


NOTES TO TABLE ON OPPOSITE PAGE. 


AMBERITE is made by compressing scrap amber. 

Rosin is common colophony. 

Hatowax is a mixture of chlorinated naphthalenes. 

BAKELITE No. L558 is the variant basis obtained by treating phenol or 
certain cresols with alkali. No. 1 is a composite cardboard impregnated 
with varnish of the cresol variety. No. 140 is a vegetable fibre impreg: 
nated with a phenol bakelite. a 

ELECTROSE is a pulped vegetable fibre. 

GLYPTOL is an artificial rosin resembling amber. 

SEALING Wax is a mixture of shellac, rosin and colouring matter. 

DvuRANOID is a rubber compound. 

MOULDED Mica is ground mica and asbestos with shellac as binder. 

STABALITE is a rubber compound (A.E.G.). 

Harp Frere is cotton paper pulped with zinc chloride. 

GALALITH (ivory substitutc) is made from the casein of milk. 
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RESISTIVITIES OF SOLID INSULATORS, 


SURFACE AND VOLUME RESISTIVITIES OF SOLID 
INSULATORS. 
Materials Arranged in Order of Decreasing Volume Resistivity. 


Volume resistivity in ohm-cm at 20°C.=po,, at 30°C.=p,o. 
The data are means of several samples. From Paper by H. L. Curtis. 


Volume resistivity Surface resistivity 
in ohm-cm. in ohm-cm. 
Material. —_——— —  —____— 
20% 907% 
P2o- P20/P sor humidity. | humidity. 
Paraffin (M.P. 58°C.)...! Above 5,000-,, - Very hohe Above 1-1, 
Fused quartz, cleaned. as rs aut 2's bye 
na copes a: 3 , 215 2:5 
Hard rubber, in dark.. 1,000-,, : shay 1s 
»  inlight . ee & Oar ry 
Clear mica .........0+ee. 200:,; 2-0 1-2;, reba 
STV 1 a re aa RS ae 100-,; 4-9 | ba 1-2; 
PASYODGIVES, Sosy ocx scieae vs prea “r: 2-45 133, 
QOD ROT dogs r eek sess woases 50-1, 3-6 {ee es a 
Mica (India FULD Y) dees 50-15 2:7 ae jt 
HMalowax* (2.0 i.cc. ee ces 20-15 2-5 ees 1-4,, 
Bakelite, No. L 558* ... 20-45 2:6 4-1, Hee 
Electrose, No. 8* ....... 20-15 =e 4-45 l+y5 
Parowax eee 
DBR) ect anion <a 10-5, 2-0 ie Te 
REV RGOLY secs rss ce cov ss'e 10M 3-0 oe 1-716 
OCS oa eee 10°55 1-5 ey ve 
BEDCAlINng WAX ...........0 8' 15 0-9 4-,. SC 
PMUTHIOI de s0. os se re - 8:45 og 
Beeswax (yellow or 
RVINCC) Os ores oc ods ose: 2:45 16-0 844 Tig 
Khotinsky cement .... yee 11-0 ey 8-43 
Mica (African) .......... ote 1-2 sis ong 
Moulded mica* ......... leo 1-2 ae ate 
Unglazed porcelain ... 300-,, 1-6 3°45 6°, 
Tetrachlornaphthalene| - 50°15 2:9 ae 14 
Glass (German soda) ... 50-15 2-5 can oe 
Mahogany, paraffined. 40-15 ; 845 8-4 
Stabalite *........cs.08 30-45 1-6 O48 4-, 
Glass (plate) ............ 20:15 3:2 D4 oe 
Glass (opal) ..........06 ies 2°8 oT, as 
Bakelite, No. 1.......... 200-, 3 ioe 2:5 
Marble(Italian) ....... 100-, Be 341 Pan 
Maple, paraffined ...... 30°, 3:6 tH lee 
Celluloid, white ......... 20-, 1-8 bees 1-3, 
Biren ore 1G. 20-, 3-2 1-65 4-, 
Galalitn, white*......... 10-5 Sie S55 Sra 
COIS TS eS eae i D3 2-6 O46 1-4, 
DMN cpg aisisPy sy Sch cvs caus 200 1-6 2-19 35 
RG ists? <a air vbasre> odo 100-, nies ae ky, 
Bakelite, No. 140 ...... 20-, 2-4 Iea4 ae 


a = =e 


* Measured 15 minutes after application of E.M.F. In this table the 
numerical suffixes indicate the power of 10 to be used as multiplier. 
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SuRFACE Rusistrviry AFTER EXPOSURE TO LIGHT. 


The surface resistivity falls slowly for most substances during pro: 
longed exposure to sunlight. Hard rubber is the most sensitive 
high insulator. Curtis found that in 18 months the surface resis- 
tivity fell from 2-;, ohm-cm to I+. After cleansing the sample, the 
fall was from 9-;, to 2°;, in 18 months. This lower rate of fall agrees 
with an observation by Rayner. 


RENOVATION OF SURFACE OF HaRD RUBBER. 


Wash the surface first with a dilute solution of ammonia, then with 
distilled water, and dry with a clean cloth. If desired, polish with 
light lubricating oil. 


‘SURFACE RESISTIVITY AFTER Uutra-VIOLET Licut. 


The following results are given by Curtis for a temperature of 
25°C. and humidity 90 per cent. after 20 hours’ exposure :— 


Os eS ES eee 


Factor by which 


Material. surface resistivity 
decreases. 
Hard rubber covered with bakelite..............2000. | 48,006 
Glyptol ....cscceeecseceeeceeereneereeesaneeaseneceueeceers 45,000 
Wlectrose NOiuS «svsscess ase ssccpeaeneenehecsedsmeaesssiess 380 
lard PUP DOL iroack os cas ts coe Vacs ed natn ce se tems swe asst 280 
Ttalian Marble (occ. conch aces cewce ccsmecsecseccswoteers ae 36 
White: celliglOid av. ..c.cs caverscnee case terteeemtdgswrsccse 5 
OY gt Ne es was hace otk odiv's Lee Ad nmweooev OmuaEr ss Se Same 0-8 


a ices ade Cae ER cate a sh 2 eet 
The rate of change under ultra-violet light is much greater than 


under sunlight, but may not be quite the same in character. 


DIELECTRIC STRENGTH. 


The dielectric or electric strength of an insulating substance is 
sometimes expressed as the voltage required to break through a 
sheet of the substance 1 cm thick, sometimes as that required for a 
sheet 1 mm thick. The electric strength in absolute electrostatic 
units is deduced from the former by dividing by 300. 

The apparent electric strength as usually measured depends, how- 
ever, on the shapes and surface conditions of the electrodes, on the 
suddenness of application of the voltage, and, in the case of solids, 
on the shape and especially on the surface conditions of the dielectric. 

G. Baur has shown that for many substances the formula V=cé3 is 
useful for certain ranges of thickness. Here V is the breakdown 
voltage, ¢ is the thickness, and c the dielectric strength. The para- 
bolic formula t=aV-+0bV?2, where a and b are constants, has been 
applied to air by C. P. Steinmetz and to solids by G. Kapp and by 
W. M. Thornton. The latter has shown that it is often better than 
Baur’s formula, and has endeavoured to give it a physical basis. 
The author of this book has found that a great many experimental 
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results can be represented very accurately by the parabolic formula 
Ve=hiky/ (t+), 


where d, h and k are constants which are given for a number of 
materials in the following table. The unit of voltage is the kilovolt, 
and the unit of length is the thousandth of a centimetre :— 


Substance. a. h. k, |Rangeint.| Observer. 
SOMERS, ee oa<e Cees os —12°3 +2-0 | 1-58: | 20-70 Moscicki. 
Jute, 

impregnated...|-+324-0 —8-0 | 6-50 | 100-2,000 | Baur. 
MtCW a che. ve. +1] —8-7 | 8-32 1-10 Steinmetz. 
Paraffin, hard ...|-—41:5 +7-6 | 2-56 | 100-1,400 | Weicker. 
Porcelain, .......;. +6580 |—152-0 | 6-02 | 100-1,000 | Weicker. 
Presspahn......... —0:-242; —1-17| 0-682} 10-80 L. A. Lewis. 
Rubber, f Siemens and 
vulcanised:....| —70-0 +3-19| 1-24 | 100-700 | Baur. 


Example.—Find the breakdown voltage of jute sheet 1 mm thick. 

Here t=l1 mm=100 units of length, and ¢+d=100+324=424. 
Hence kv/(t-+-d)=10-29, and, therefore, V=10-29—8-0=2-29 kV. 

Find the breakdown voltage of a paraffin slab 1 cm thick. 

Here t=1 cm=1,000 units of length, and ¢+d=1,000 —41-5=958-5, 
Hence, kv/(t+d)=79-3, and V=79-3+7-6=86:9 kV. 


Effect of Frequency.—Moscicki has shown that the breakdown 
voltage in the case of the glass he investigated is 2-5 times greater at 
the frequency of 50 per second than at the frequency 8,500. Similar 
results have been published for other materials. 


ELECTRIC STRENGTH. 


Kilovolts per mm. Kilovolts per cm. 
Paraffin-waxed paper ......... Os iA uv a Belin C.go. caters accek cgi eat 91-0 
Impregnated jute orcalico ... 2-20 | Paraffin oil ............ 60 to 100-0 
*Air at 16°C., 80% humidity.. 3-30 | Gutta-percha ............... 109-0 
Vulcanised rubber ............... 10-0 Vaseline Olt. cactycecksut ines 131-0 
PATIOS COLL foes. neces seind ewes 12-5 Paraffin wax ...... 130 to 270-0 
res DOOTOS A.g2c8s as denseascos- 19-0 es hawid, moe 91-0 
MS ae ne a cela ecat Sus 0 285 28-5 SVOSIN OLE eases cscs 270 to 1,350-0 
PICO EEO or cioics te cicinw Exe etena sects 40-0 The results in this column are 
Hard rubber (ebonite) ......... 52-0 from T. Gray’s measurement:. 
BCA era or es kackacss nts toot oes 59-0 © * See also p. 33 for Air. 


DIELECTRIC STRENGTH OF SWITCH AND TRANSFORMER OILS. 


The extensive use of heavy petroleum oils as cooling insulators 
makes a knowledge of their properties especially important. The 
best transformer oils are hydrocarbon oils with flash points between 
150°C. and 180°C. (about 300°F. to 360°F.), specific gravity 0-85 to 
0:90, and light coloured. The oil should be very carefully dried, 
since a minute proportion of water reduces the dielectric strength. 
T, C. Taomsen states that a good dry oil should have a resistivity of 
3 or 4X 10!2 ohms per cm cube at 15°C. measured in a film 10 mils 
thick, and that the voltage required to spark across 200 mils between 
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din. diameter diszs (8 in. below the surface) should be about 35 kV 
to 40 kV. For testing dielectric strength some authorities use @ 


200 


KILOVOLTS. 
8 
NS 


TESTS MADE WITH 
35-KW - 60-CYCLE SMQOTH CORE 
SINE-WAVE GENERATOR 


40 100-KW .-200,000-VOLT TRANSFORMER 


WS 


HOLLOW HEMISPHERE (JS IN,RADIUS) 
©) AND NEEOLE POINT. 


0 1 2 3 4 5 6 ? 
DISTANCE IN INCHES. 


Fig. 2.—DisrupetTiIvE VOLTAGE OF Dry OIL MEASURED BETWEEN 
VARIOUSLY SHAPED TERM:NALS. 


needle point and disc diameter 1 in. with a gap about 0-2 in., if 20 kV ~ 


is available. Messrs. Ferranti use two needle points 0-07 in. apart. 
A spark or are in oil produces finely divided carbon which, if not too 


12U0 60 


1000 50 


Megohms, 4 in. discs 0 044 in, apart 


3 
60 3 30 
| 
400 20 
200 10 
0 0 | 


20 30 40 50 60 70 80 90 
Oil Temperature, Degrees C. 


Fia. 3.—VARIATION OF DIELECTRIC STRENGTH AND INSULATION - 
RESISTANCE WITH TEMPERATURE 


abundant, scarcely affects the dielectric strength. Auother trouble 
s called ** sludging,”’ which consists in the thickening of the oil, or 
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une formation of deposits, by alteration of chemical composition pro- 
duced by oxygen (or ozone). A. C. Michie has stated that the pre- 
sence of metallic copper in contact with the oil encourages cataly- 
tically this interaction with oxygen. For further information see 
Report of Sub-committee of L.E.E., January, 1915. 

The effect of the shape of the electrodes on observations of the 
strength of an oil is well shown in Fig. 2, which is due to H. W. 
Tobey. The ordinates are R.M.S. kV. The fact that “ insulation 
resistance ”’ is not the same thing as dielectric strength is shown by 
Fig. 3. £, 

In 1910 W. Pollard Digby and D. B. Mellis described a method of 
electrically testing oil, which should be referred to by those specially 
interested. 


SPARKING VOLTAGES BETWEEN POINTS IN AIR. 


In the Standardisation Rules of the American Institute of Electrical 
Engineers, the following Table of sparking distances in air between 
opposed sharp needle points for various effective sinusoidal voltages 
is given :-— 


Kilovolts, | Inches, || Kilovolts, Inches, Kilovolts, | Inches, 
sq. root of | sparking || sq. root of | sparking || sq. root of sparking 
mean sq. | distance. || mean sq. distance. || mean sq. | distance. 
5 0-225 80 vic 200 20-25 
10 0-47 90 8°35 210 21-30 
15 0:725 100 9-6 220 22°35 
20 1-0 110 10-75 230 23°40 
25 1:3 120 11-85 240 24°45 
30 1-625 130 12-90 250 25-50 
35 2-0 140 13-95 260 26-50 
40 2-45 150 15-0 270 27-50 
45 2-95 160 16-5 280 28-50 
50 3-55 170 17-10 290 29°50 
60 4-65 180 18-15 300 30-50 
70 5-85 190 19-20 


rey 


For a Point and Plane in Air 
P. J. Edmunds has given the following formula :— 
y_(30 18 \ap \ 8d 
= oad eee 
where V is the sparking potential in volts, p is the pressure in atmo- 
spheres, a is the radius of the wire in cm., d the distance from the 
planeinem. The quantities a/d and ap must both be small compared 
with unity, and the end of the wire is supposed rounded to a hemi- 
spherical shape, as in Zeleny’s experiments. When the point is 
positive experiment shows V to be larger than when it is negative ; 
the formula gives a value between these two.. 


Plane Disc Electrodes. 
Baille deduced from experiment the formula 
V=30s+ 1-35 kilovolt 
if s the spark-gap (in cm ) is of the order 1mm. As V/s increases, 
it approaches the value 3 x 104 volts per cm. 
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SPARKING POTENTIALS BETWEEN BALLS IN AIR. 


The sparking voltages given below are those which will break down 
non-ionized air at atmospheric pressure and room temperature :— 


Spark- Diameter of balls in cm. Spark- Diameter of balls in cm. 
8p. | 05 | 10 |) 20 | 5-0 |) SP | 0-5 | 10 | 29 4 Bo 
Volts | Volts | Volts | Volts Volts | Volts | Volts Volts 
Cm. | x103| x 103 | X10) X.108 iF Cm. |. x 103-| x 109), Oasis 
0-1 4:8 PAS Tes ae Oy fee 0-9 | 19-6 | 25-6 | 28-6 | 30-1 
~ 0-2 8-4 8°4 8:1 ees 10 | 20:2 | 26-7 | 30:8 | 32-7 
0-3 | 11:3 | 11-4 | 11-4 Bs 15 | 22:0 | 31:6 | 39:0 | 460 
0-4 | 13-8 | 14-4 | 14:5 Bee 2:0 | 23:0 | 36:0 | 47:0 | 580 
0-5:| 15-7 | 17-3 | 17-5 | 18-4 30 | 24:0 | 42:0 | 57-0 | 77-0 
0-6 | 17-2 | 19-9 | 20-4 | 21-6 40 | 25:0 | 45:0 | 64:0 92-0 
0-7 | 18:3. | 22-0 | 23-2 | 24-6 50 | 26:0 | 47:0 | 69:0 105-0 
0-8 | 19:0 | 24-1 | 26-0 | 27°4 


(G4. W. C. Kaye and T. H. Laby’s Tables.) 


The electrodes wereequal smooth polished metal balls of various 
diameters, kept cool and shielded from light (see p. 35, Figs. 4 and 5). 


True Disruptive Voltage. 


Russell (“‘ Phil. Mag.,’’ 1906) gives the dielectric strength of air at 
atmospheric pressures as between 38,000 and 39,000 volts per centi- 
metre for either direct or alternating potentials. He has shown that 
if proper allowance be made for the non-uniformity of the electric 
field between two equal spherical electrodes, the true disruptive 
voltage v in air is given by 

f(v—790)/x 


volts, where # is the shortest distance between the sphere in centi- 
metres.. The geometrical factor f is a function of the ratio of length 
of gap to radius of spheres (a). The following table gives some 
values of f :— 


| 2-0 4-0 5-0 10:0 | 100-0 
1:770 | 2-678 | 3-151 | 5-586 | 50-51 
Fea E SNE oe ee, Sa ol (EO ew a sep Does [yee 1 ed 


DIELECTRIC STRENGTH AND AIR PRESSURE, 


The relation between these quantities is well seen from Fig. 6, 
‘p. 36, taken from a Paper by E. A. Watson. The measurements 
show that the dielectric strength of air at P mm pressure is 
(0- 2-++0-8P/760) times the strength at 760mm a the ene 
is 17°C. 


CURRENTS THROUGH GASES. 

The currents between a wire of fixed diameter and coaxial cylinders 
of various diameters have been investigated by Almy, who found that 
‘the currents through air from 20 cm. to 80 cm. pressure were given by 
the formula 

IT=cv(v— V) 
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which is similar to the expression given by Warburg for the currents 
in point discharges. The constants c and V depend on the gas and 
on the dimensions of the wire and cylinder. In air the constants do 
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not change much when the direction of the current is reversed. The — 
currents through hydrogen were also Bee ds and in this gas 
mote concordant results were obtained. 3 
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The experimental error is considerable when large currents are , 


used, as the passage of the discharge makes a permanent change in 
the conductivity, particularly when air is used. Even with hydro- 
gen the agreement between the various determinations with the 
same force was not very good. The following are the results 


| 


eter es 
20-3175 cm. sdheres 


fee eon 
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F: £3 is Atmospheres. 
Fia. 6.—RELATION BETWEEN DIELECTRIC STRENGTH AND 
AIR PRESSURE. 


obtained with a wire of 00034 cm. radius and cylinders of radii “! 


A=5cm., 3:2 cm. and 1°5 cm. in hydrogen :-— 


"Applied potential in volts. | yas 5 | i d ‘ F | 4 I a : 
3.500 LE: keke alin. eameeme jaatia 16 152 
3,800. cacssgnon carla eesncsdncetseswvine ie 24 — 200 
4 OOO |. | meas tectsbipes cests nen ten sues evqurer 9 36 290 
BL DOO: 5 va ans ccbatatiws aie sabewN cn aces ess’ 19 74 480 
B,O00 « ...ccssosesscessosvaeuedeoagemiety 31 118 — 
BDO. sn dtaat qe tere eavares Sei ias cone as 35 189 | 


Almy concludes from these figures that the current is given ap- 
proximately by the formula 


i= 0 V) 


A being the radius of the outer cylinder, V the minimum potential 
36 
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CURRENTS THROUGH GASES. 


that gives a discharge, and C a constant depending on the gas, the 
sign of the discharge, and the radius of the wire. J. §. Townsend 
hag given a theory which confirms the above empirical formula. 

The currents in the Table are inarbitrary units, and the observer 
gives no indication of the size of the unit or of the value of the con- 
stants c and V. By fitting the formuia to the Table the present 
author finds, as approximate values, C—340, V=38,100. 


CORONA. 
The voltage which, applied between two conductors in air, just 
produces visible discharge is called the “ visual ” voltage or the 
“initial”? voltage. If the voltage be gradually increased and the 
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Showing the strength of the electric field, corresponding to the “‘ visual’’ or “ initial ” 
voltage, on the surfaces of wires of different diameters; barometric pressure 760 mm., 
temperature 15°C. . 


_conductors are well separated, a glow, called corona, gradually spreads 
over the conductors; then brush discharge, with crackling noise, 
sets in, and finally a spark occurs or an arc is established. If the 
distance between the conductors is small, a spark occurs at an early 
Stage and the sparking voltage is practically the visual voltage. 

The visual voltage and the rate at which energy is lost by discharge 
at voltages below and above that voltage have been investigated ex- 
perimentally by Ryan, Mershon, Faccioli, Watson, Whiteheat, 
Harding, Weidig, Gorges, Jaensch, Peek, Petersen and others. It is 
now known that the visual voltage is proportional to the atmospbaxic 
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pressure and inversely proportional to the absolute temperature. 
The material of the conductors has no effect, but the state of the 
surface is very important, especially for the negative conductors, 
of which the visual voltage is lowered greatly by dirt or roughness. 
The humidity of the atmosphere has little effect so long as the elec- 
trodes remain dry. 
Some observers have found that when the voltage is alternating 
increase of frequency lowers the visual voltage, the amount being 
some 6 per cent. between frequencies of 20 and 90. There appears 
to be no data available regarding high frequencies. 
Many experiments have been made with parallel wires, others 
with a wire placed axially in a circular cylinder. The visual voltage 


[7 LA 
Aire aie 


Effective Kelovolts 
e Fees 
7 
({2) & An 
x . 
N {\_ 4% ZL 
wo Jom 


oy 


AD 
mS 


HiG.{ 8. 


dine 


Showing the “initial voltage” and the “limiting voltage of brush discharge™ +} 
between similar electrodes of different kinds. 4 
These curves hold for a barometric height of 740 mm. of mercury, a temperature of 20°C., and 


a relative humidity of 50 per cent., the voltage-waves being exactly sine-shaped. The short ver i 
double lines give the limits up to which the “ initial voltage’ coincides with the sparking-voltage. 


$ 


increases as the diameter of the wire or wires decreases, as is shown. 
in Fig. 7. For alternating current, Peek has given for a pair of 
parallel wires the formula 


¢= 308(1 40-301 /4/dn). r log, s/r 
for the effective visual voltage in kilovolts to neutral. where 5 is the’ 


density of the air, r the radius of the wire, s the distance between: 
the wires and » the number of cycles per second. 
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For the power loss he gives 
p=490 x 10-5n4/r/s . (v—e)?/8kKW 
per kilometre of single conductor, where v is the actual effective pres- 
sure, and-e the visual voltage. In both formule the density of the 
air is given by C . 
6=3-93b/(273-+-2), 
where 0 is the height of the barometer in centimetres and ¢ is the tem- 


perature in degrees Centigrade. The formula is only partially stp- 
ported by Harding's experiments. 3 

Weicker has investigated for spheres and pointed electrodes the 
visual voltage, and also the, limiting voltage of brush discharge—i.e., 
the voltage at which the brush discharge passes into an arc. Alter- 
nating current-of 52 cycles per second was used. His results appear 
in Fig. 8. The temperature was 20°C., the barometric pressure 
740 mm of mercury, the humidity 50 per cent. The short upright 
double lines give the limits up to which the visual and the sparking 
voltage correspond. a 

From J. B. Whitehead’s measurements of the electric intensity F at 
which ionisation begins in air between coaxial cylinders, A. Russell 
has derived the empirical formula F=32+13-4//a kilovolts per 


centimetre, when the radius a of the inner cylinder ranges from 
‘0-025 cm to 0:25 cm, and the diameter of the tube from 5 to 10 cm. 


VOLTAGE AND ARC LENGTH IN VARIOUS ARCS. 


In “ L’ Industrie Electrique ’’ Guze and Zébrikof gave an account 
of the work done by them on this subject. Mrs. Ayrton found that 
with carbon electrodes onal 


a 


e=a+b/1+ 


where e is the voltage, 2 the amperes, / the length in mm, and a, b,c 
and d are constants. Researches on a lamp fitted with carbon 


‘electrodes showed that 


1-66 +10-541 
6= 38-88 42-0714 a | 


The investigators named established the following values with 
different metallic electrodes :— 


Metal.| a. b. C. d. ||Metal.| a. UB aie aCe d. 


ORs bes 38-88 | 2-074] 11-66} 10-54| Pd...| 21-64] 2-70| «0 21-78 
Heo...) 15-73) 252 9:44; 15-02|) Ag...) 14-19) 2-64] 11-36] 19-01 
BN Eee g's « 17-14 3-89 0 17-48 || Pt ...| 24:29] 4:80/ 0 20-23 
Co ...| 20-71) 2-05 2:07; 10-12); Au...| 20-82} 4-62! 12-17} 20-97 
Cu ...| 21-:38| 3:03 | 10-69| 15-24 . 


SPECIFIC INDUCTIVE CAPACITY, OR INDUCTIVITY. 


The specific inductive capacity or tnductivtty relatlve to atr of 
substance is defined as the ratio of the capacity of a condenser when 
‘his substance is the dielectric to the capacity of the same condenser 
when its plates are separated by air at about 760 mm. pressure—no 
change being made in the condenser except in the substitution of air 
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for the suostance in question.. T'he absolute inductivity or dielectrte 
constant is reckoned, in the e.s. system, relative to vacuum, which has 
unit inductivity in that system. 

The accurate determination of the specific inductive capacity of a 
substance is difficult on account of the phenomenon of absorption 
or soaking in of the charge, which causes an apparent diminution* 
in the specific inductive capacity for charging voltages of short dura- 
tion as compared with those of long duration. The figures givenin the 
following Table were obtained with steadily applied or low frequency 
alternating voltages at ordinary temperatures, unless otherwise stated. 

C. B. Thwing has shown that in many chemical compounds 
** molecular inductivities ’’ may be assigned to certain elements and 


Specific * Specific 
SUBSTANOE. inductive SUBSTANCE. inductive 
capacity. capacity. 
Solids. Liquids.—Contd. 
CalGitle watcha aes 7'°5 to 77 || Benzene 20°=... 22.0% ste see 2°28 
Ebonite at ckt net esos 2°01 to 2°76 74 Raasiats pene 2°18 
A ASR ee Sone ee 3°15 Bistlphide of carbon at 
Winbrite 22/05. ch ee oe 28 6°38 about 1 Cees. = 1°97 to 2°29 
Glass, crown, hard, density PR Mote eee 1°81 
2488... sees 6°96 Bromine’. -), cscs scene or 
3 nace charge..| 3°11 Carb. tetrachloride ......| 2°25/18° 
» flint very light, den- Chloroform (18°) .......... 20m 
Sity.2:87.. po 6°61 Ethyl acetate ............ 6°7/0° 
a light, density 3°2 6°72 st Chloride. a<-.cex- eee 10°9 
ss 3, - quick charge 3°01 » ether, a="005 ...... 4°37 
s dense, density 3°66 7°38 Glycerine,\=200cm. ...-. 39°1/159 
a », quick charge} 3°05 Nitrobenzene . .......... 34/179 
»,  e©X.dense,density4'5) 9°90 OIL Castors. 3s. oc ae tere 4°78 
5 extra dense... 3°16 Fie, OLIN Csdctcicen tne seems 3°1 to 3°2 
tS plate store es ae secs 8:45 ae PALAU ioscan tee eane 20 to 26 
»  straw-coloured ....| 2°96 to 3°66|| 5, Sperm ....-.-s-eutudes 3°02 
33 22 ¥ Hite mirror’. ...., 5°83 to 6°34 |] ,, eal 20°C; oeyensies 3°09 
Gutta- percns SPE ore sett 4°2 Ft VWABCLING .5. occ s ences. 1°9 to 2°2 
‘1 hfs Seetre eos 2°46 Petroleum, spirit, Field’s. 1°92 
GS PSU a. wtarc sew sete misters 6°3 y essence of 217, 
NCOK(S 22) Beets tpn ie 93°9 cs oil, Field’s 2°07 
Indiarubber, pure, A 60° 0m. 2°12 rs » common 2°10 
RESTS Tah ee  togetae re 2:34 Ss olsen 2°04 to 2°07 
a yuic. A 6000m, 2°69 SOL, neutral at 21°C. 2°26 
3 Sa ee 2°94 Toluene, a=‘001 . ; 23 
Ivory. eo ailee a aieeis Se UONIDOS 6°9 Turpentine, commercial .. 2°23 
Marble AVOCIN TE couse. we 8°3 3, at 18°6°C. 2°43 
(MICA IE tee See eras ke 8-0 oil of, at 17°1°C. 1°94 
Paper, dry . 2 to 2°8 Water at 14°C. ...... 83:8 
Paraftin wax, quick charge.. 1°977 Cb isdan sre Steins 75°7 
3 Relais ciel ecier 2°32 Xylene, Mm, a—-0—) .. PRE ee 
7 h.f. eocereee 2°19 to 2°34 Gases ; 
Pitch. h5..55< Golo eiaate's aie are:atd 1°38 Afr atrab 00 at 
Porcelain .... oe 4°4 to 6°8 RARE Li ead ec emele 
OQunzts!: «eae eee 4°5 5 ee ype 1°05 
MOOT to or oc ee ee 2°55 3 pee ganic! oo 
Bock Sal€. 35. (ase. oe. 5°6 1 nn, presto ee 
Selenium (16°) ..........0. 6°3 Carbon dioxide at about 
Shellac bila v: se. medals ce: 2-74 760mm. pressure ......-; 10004 
AAP SE es 2°75 to 3°73 pete pone - about ee 
Bion sett Eyer che ‘3 A 3°8 || Hydrogen at about 760mm. 
* Tanta .: ‘ PIeSsure .........- 9997 
fae Pee ie tats hag se 2°88 to 821 | Hydrogen at about 2 samt |e eae 
we CE OE Sis ieeaei en Pa F. PIESIUTCS shes cets.- une dene “000 
Shai Spee aste KX Be Olefiant gas ‘at about 760mm. ge 
‘is She etl : PIESSULE 4056.5 e% wie mieten 10007 
Liquids. Sulphur dioxide at about 
Alcohol, methyl ...... wee) 85°4/138°4 760mm. pressure ........ 10093 
as ethyl ..........-- 26°8/14°°7 1) Vacuum 60. sccvcseves erm] GO008 
CVTR AE ao BGdOr ae 16°6/20° 
Aviline, Gat OULD Tee ces e's 730 


(See following Table.) 


* According to M. Perot the reverse is sometimes the case with impure 
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INDUCTIVITY OF GASES. 


radicles, and an additive law established for calculating the in- 
ductivity of a compound. For many substances the law reduces to 


Inductivity = 2-6 x density. 


But certain chemical radicles and atom carry extreme values of the 
factor. (See J. A. Fleming’s “ Principles of E.W.T.”’) 

The inductivity of most substances is smaller in intense electric 
fields than in weak fields. 

The inductivity often varies with the frequency of the applied 
voltage, usually falling as the frequency rises; and, as shown in 
next Table, it usually rises with increase of temperature (coefficient 
ain preceding Table. p. 40), 


VARIATION OF INDUCTIVITY WITH TEMPERATURE. 


(Fleming and Dewar.) 


Frequency 120 per sec. x at 15°C. | k at —185°C. 
RNS OREM oa oe Sos ca Se he gs wed de atic ed cle ose 80 2-4 to 2-9 
LEME ls he oben a i Cacia ee Se aR 56 3:2 
Bet VWalCOlOl “2 sou gies ah ds eduues ress tbs 0ss geo 25:8 3-11 
Bg ates tis scr ches se cass cases este ng te T51 2-92 
Pe OPECUDEN, hina ish his sain icne seals rn oud on esas se sa os 08% 4-78 2°14 
BRIN VROGNON 5 cpt os Oita Case nents stan casiscdetessneae 4-25 2-31 
2-18 


MBE VOL OL Gel 5's os a5 500 tet cs vecaes sdueee soe avdae'cs oe 3°16 


INDUCTIVITY OF GASES. 


{In the case of air, nitrogen and hydrogen Tangl has shown that the 
Mossotti-Clausius equation holds from 0 to 100 atmospheres, namely, 
~—1 —1 


- “— =constaat 
Ages oy CUE ea te ahi 


where x is the inductivity and A the density of the gas. The fol. 
lowing Table is for A=oo :— 


PATE, Clo eds AUS be erase nenesine shee ccoeusedatisistea pe cewnle 1-000576 
ELIT MOL) ADE ca ee ones ned vnnsaiiesnp eyecare shes See lOO49 
PumisnOrlts Osos WOT On boss aldo .sewss va cata nana Satews 1-0072 

Barbor- dioxide, 0", 2b demir c.2 2.25 SiR age ea ceeews 1-000987 

5 hats AON Oil item oc 8 veo sacs oleine cot cet cock 1-06 
Sar DOW MONOXINGs OF 5) be BUI. sks sdene dena seeks sewes 1-00069 

MESH SO: fh GR eri cacies faves dy vnc cccdarecscbeeetess 1-000074 

Hydrogen, 0°, 1 atm. .cc.rccsccseecencscsseoevencenes 1-090273 
= DOR Liat iter y iupesccsady eh telea peewee tis toas 1-0238 

Witrogeny O°, Patan. vy .is doth eae et ee dele os 1-000581 

Oxyen, OF, Dati. - ii. cccsccerssaredacwen sass cess creas 1-000543 
Sulphur dioxide, 0°, 1 atm. ....0.0.5.,2260aeceeteadine 1-0099 
cs SEATS 1 ie oe ee ae a ra oes 1-0U91 
Water vapour, 145°, l atm. ............cccccecessveses 1-0070 
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DENSITIES OF GASES. 


Grams per litre at 760 mm. of mercury and 0°C. at latitude 45°, 


a 


a 


: pal i 
—_ Density. 1 — Density. 
WU yu ererrbs Meet ht oe 1-293 Methane ....... sae eee 0-717 
AT GON biases eases Sees 1-781 Neon? 4%. sc ..ft sae 0-900 
ATID ONIA 3°... scnesteen2s 0°771 Nitrogen coca. sccepeuae 1-251 
Carbon dioxide ....... 1:977 PORVOO cart eo orere 1-430 
Carbon monoxide ...... 1-250 Sulphur dioxid ......... 2°927 
Helium s4isi scree sper O18 Steam at 100°C. ..... % 0-581 
Hydrogen stn. tanderecaae 0-:0899 Water vapour (0°)......| -0°0,52 : 
IVY DUN veccenteies oe «|. 20°08 2 ‘i 
| 
1 
i 
: rf 
ELECTROCHEMICAL EQUIVALENTS. i 
; i] 
The electrochemical equivalent of an element is proportional to its H 
chemical equivalent or combining weight, and the values in column 6 4 
of the Table following are based on the atomic weights givenin column 3, . 
and on the determination of the electrochemical equivalent of silvermade ~ 
by Rayleigh and Sidgwick in 1884. Columns 7, 8, 9 and 10 have been af 
calculated from column 6. 
3 
ip Electrochem. 
; ic | Val- Chemical ; Lbs. A - | Kg.’ A ‘ 
Blement. {Sm Atomic| vat Chenical|“euuivaent’| Ubs-per | Ampere, | gper | Ampang 
lent. coulomb). |Pere-hours. lb. pere-hr. kg. 
Elsetrs-positive— 1 | 2 Bf 4 | 8 6 7 8 51-9 
Copper (cuprous)....} Cu] 63:0 1} 63:0 | 0:000 6542 | 5:192 192°6 | 2°355 
Hy GroVenvns..cece ce H 1 1 il 0°000 01038} 0°08242 | 12180 0:08738 
Mercury (mercurous)| Hg | 199°8 1 |199°8 | 0:002 075 | 16°47 60°73 | 7°469 
Potassium ..... .ee--| K | 39°04] 1 | 89°04 | 0:000.4054 | 3:218 810°8 | 1°459 
Silversgsentan. teresa Ag | 107°66} 1 | 107-66 | 0:001 118 8°873 112°7 | 4°025 
Sodiums Se. eek Na| 22°99; 11 22°99 | 0-000 2387 | 1-895 527°8 | 0°8595 
Copper(cupric} ....]| Cul] 63:0 2{ 81°5 | 0:000 3271 | 2°596 3885°2 | 1°178 
Iron (ferrous) ..-...| Fe} 55:9 2 | 27:95 | 0:000 2902 2°304 434:1 | 1:045 
LOR i. Setar. cae es Pb | 206°4 2 | 1032 | 0:001 072 8°506 117°6 _| 3°858 ~ 
Magnesium ........ Mg} 23:94}; 2] 11°97 | 0-000 1243°| 0-9866 1014 0°4475 © 
Mercury (mercuric) .| Hg | 199-8 2{ 99°9 | 0:001 037 8°234 121°6 | 3°735 
Nickel seme ise eae Ni| 586 2 {| 29°3 | 0:000 3043 |. 2-415 - 414-1 | 1°085 
Tin (stannous) ...... Sr | 117°8 2; 58°9 | 0°000 6116 | 4°854 2060. | 2°202 
ZAG crt reece «Baie | Zn} 64:9 | 2 | 82°45 | 0-000 3370 | 2-674 873°9 | 1°213 . 
Aluminium ........} Al | 27:3 3 9°1 | 0°000 09450} 0°7500 1333 0°3402 
HOlQtecc ites sels ee te Au | 1962 3 | 65°4 | 0°000 6791 | 5:391 185°5 | 2°445 
fron (ferric) Sdoisisie esi 2G |aaDoso 3 | 18°63 | 0:000 1935 1°536 651°2 | 0°6966 
Tin (stannic)........| Sr | 117°8 | 4; 29°45 | 0:000 8058 | 2°427 412°0 | 1°101 
Flectro-negative-- | ; 
Bromine ss. soc sacle Lor.) 62966 | 1 | 79°75 | 0:000 8282 } 6573 ~ 152°1 | 2°981 
Chlorine............| Cl | 35°37 ; 1 | 85°37 | 0-000 3673 | 2°915 843°0 | 1°322 
Jodine saeco: esoes] I. | 12653) 1 | 126°53 | 0'001 314 =| 10°43 95°89 | 4°730 
Oxyven eens: 6 i ete O 15°96] 2 7°98 | 0°000 08287] 0°6577 1520 0°2983 
Nitrogen ..........| N | 14°01] 3| 4:67 | 0-000 04850] 0:3849 | 2598 | 0:1746 
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{HERMO-ELECTRIC VALUES. 


Lead as zero: lower limit—18°C. ; upper limit 416°C., except Cd=258° 
Zn=373°, German silver 175°C. 
t=average temperature of junctions. 
The current through the hot junctions is from the metal of lower to that 
of the higher thermo-electric value. 


— Microvolts per1°C. —— ‘Microvolts per1°C. 
2S Lae a Gere -+17-34—0-0487¢ | Silver ............ + 2-14+0-015¢ 
Lae) Seater +11-39—0-0328¢ | Gold ............ + 2-83-+-0-0102¢ 
Platinum iridium| + 5-96—0-0134¢} Copper ......... + 1-36+0-0095¢ 

alloy, 1094 Ir. Teas Si os cages 0 
Platinum (soft)...| — 0-61—0-O1lé } Tin ............... — 0:-43+0-0055¢ 
, 53 (hard)..| + 2-6 —0-0075¢] Aluminium...) — 0-77-L0-0039¢ 
German silver ...| +-12-07—0-0512¢| Palladium ...... — 6:25—0-0359¢ 
MAGE cov ccc kes aict + 2-:34+0-024¢ | Nickel to 175°C. | —22-04—0-0512¢ 


How to use the above Table (given by Tarr) :— 


Example 1.—Required to find the E.M.F. of a copper-iron couple, the 
temperature of the junctions being 0°C. and 100°C. ; 


The thermo-electric value for iron =+17-34—0-0487¢ 
: 99 29 »» Copper =-+- 1-36-++0-0095¢ 
99 », iron-copper=15-98 —0-0582¢ 


t=4 (0+100)=50. 


_and the E.M.F. per degree of the couple is 15-98—(0-0582 x 50) =13-07 ; 
hence the E.M.F. of the couple is 13-07 (100 —0)=1,307 microvolts from 


copper to iron through the hot junction. 


Example 2.—Required to find the neutral point of copper and iron. 
From the above example for an iron-copper couple we have, at the 
neutral point, 15-98—0-0582t=0, or t=275. 


The neutral point is 275°C. When the mean of the temperatures of 
the junctions is below this point, the current through the hot junction 
is from copper to iron. As the mean temperature reaches the neutral 


-- point the current vanishes and on passing the neutral point the current 


SS 


- is reversed. 


The following data (given by Burczss and Lz CHATELIER) refer to 


alloys for a difference of 100°C. (0°-100°) all referred nickel steel — 


| Microvolts. Microvolts, 
Cu+10% Al ......cceceee ere 700 | German silver (25% Ni) ... —2,200 

eee iva ca cesta sedthees = bOOmte Nick else cqeacivcnwtoov sw. Goes — 2,200 

Nickel steel (5% Ni)......... 0| Nickel steel (35% Ni) ...... —2,700 
German silver (15% Ni) ... —1,200| _,, PG SLO) epee —3,700 


BARNES has given the following results for platinum alloys against 
platinum for a difference of 920°C. (0°-920°) :— 


Microvolts. Microvolts. 

Berri 2°07.) -secskssceccs vee 791 | Iridium (20%) ....... ee Sls 9,300 
MMO 9) anieccveectees 2,830 | Palladium (10%) ............ 9,300 

aE ( LO.) Seis sacexaneees 5,700 | Nickel (2%) ......c000 Sanbensian Oita 
MIMO) orcihscesansvces 7,900 ss.) OCG). aah snc feds s Sesce ad Lal 


See also right-hand column of Resistivity Table, p. 24. 
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CIRCULAR MILS; RESISTANCE OF COPPER WIRES. 
The size of a wire in circular mils is found by taking the diameter in 


mils and squaring it. 


This notation is useful in 


Thus, a wire 100 mils in diameter has an area 


represented by 10,000 circular mils. 
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WIRE GAUGES 
WIRE GAUGES. 


10 19 
Aare | 
e 3 ~ RS DIAMETERS IN DECIMALS OF AN INCH OR MILLIMETRES. 
=J° ge National | French 
| Bae lona, renc 
fa; aro | Number eae Brown & Elec. | decimal 
= }s “A | of wire ‘Standard eee Sharpe | Tight | gauge. 
ee am. (Ameri- ; 2, 
bss Ata gauge. can), | Associa- Milli- 
J ee ! tion. metres. 
| Ava |f ———|-____ ee eee 
ail =~ | 000000 | 0-464 : 
ellis UP |] 00000 | 0-432 a a 
‘& ca 2314 | 0000 | 0-4 0-454 | 0-46 aR 
| ac 000 | 0-372 0-425 | 0-40964 er 
a es 00 | 0-348 | 0-380 | 0-3648 ee 
\, i ies 0 | 0-324 0-340 | 0-32495 ma 0-39 
© cre 1 | 03 0-3 0-2893 0-0039 | 0-45 
i }s aoe 2 | 0:276 0-284 | 0-25763 00079 | 0-56 
7 aaa 3 | 0-252 0-259 | 0-22942 | 0-0118 | 0-67 
ae i> 33 4 | 0-232 0-238 | 0-20431 | 0-0157 | 0-79 
| oes 5 | 0-212 0-22 0-18194 | 0-:0197 0-90 
\- paper G. | 6 | 0-192 | 0-203 | 0-16202 | 0-0236 | 1-01 
| a aa 7 | 0-176 0-18 0-14428 | 0-0276 | 1-12" 
| ea, A 8 | 0-16 0-165 | 0-12849 | 0-0315 | 1-24 
eee is 9 | 0-144 0-148 | 0-11443 | 0-0354 | 1:35 
= Fae 10 | 0-128 0-134 | 0-10189 | 0-0394 | 1-46 
- ot 11 | 0-116 0-12 | 009074 | 0-0433 | 1-68 
ace 12 | 0-104 | 0-109 | 0-08081 | 0-0472 | 1-80 
aR geo 13 | 0-092 0-095 | 0-07196 | 0-0512 | 1-91 
| a a 14 | 0-08 0-083 | 0-06408 | 0-0551 | 2-02 
| 20 SR 15 | 0-072 0-072 | 0-05706 | 0-0591,| 2-14 
| a 16 | 0-064 0-065 | 0-05082 | 0-0630 | 2-25 
| = mS 17 | 0-056 0-058 | 0-04525 | 0-0669 | 2-34 
aap aan 18 | 0-048 0-049 | 0-0403 0-0709 | 3-40 
| SaaS 19 | 0-04 0-042 | 0-03589 | 0-0748 | 3-95 
er Ss pt 2 | 0-036 | 0-035 | 0-03196 | 0-0787 | 4:50 - 
| cm 21 | 0-032 0-032 | 0-02846 | 0-0827 | 5-10 
a). ~2e 22 | 0-028 | 0-028 | 0-02534 | 0-0866 | 5-65 
| = <= 93 | 0-024 | 0-025 | 0-02257 | 00906 | 6-20 
! oO i 24 | 0-022 | 0-022 | 0-0201 0-0945 | 6-80 
es. 25 | 0-02 0-02 | 0-0179 0-0984 - 
A 260-018 | 0-018 | 0-01594 | 0-1024 ae 
1 Boas 97 | 00164 | 0-016 | 0-01419 | 0-1063 ae 
} 12 * 98 | 0-0148 | 0-014 | 0-01264 | 0-1102 aa, 
SoS 29 | 0-0136 | 0-013 | 0-01125 | 0-1142 e, 
eae 30 | 00124 | 0-012 | 0-01002 | 0-1181 Ve 
eet 31 | 0-:0116 | 0-010 | 0-00893 | 0-1220 i, 
q 2g: 39 | 0-0108 | 0-009 | 0:00795 | 0-1260 |... 
me 8 Oi 33/001 _| 0-008 | 0-00708 | 0-1299 at 
SS :8F 34 | 00092 | 0-007 | 00063 | 0-1339 | ... 
2 Bet 35 | 00084 | 0-005 | 0-00561 | 0-1378 |... 
2 2A 63Be . . . . aoe 
Pt A See 36 | 0-0076 | 0-004 | 0-005 0-1417 
SS ed 


arriving quickly at the approximate resistance of copper wire. A 
wire 1 ft. in length and of 1 circular mil cross-section has a resistance 
of about 11 ohms. Consequently for any length of wire we have the 
rule: Resistance in ohms=length of wire in feet x 11—-circular mWs 


of the wire. 
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- ELECTRICITY SUPPLY CABLES © 


—— 


FI/LE =| PRI: | SES: | SEI- L80°I| 8&8°€ |c61°S | L-LIT] Z8I- | 33-FT/098- | ze0-2 | 080: | FI/LE So OND 
ST/LE |{8LI- | 98%: | €9T- 188 | 9Z1°S |OLL‘T | LL-96 | OST- | 08-Z1| FOS: | 6Z8-T |ZL0- | ST/LE ONTAS 
QI/LE |Goe- | Z98- | 902: 969 | 69P' | SOFT |BE-GL | LIT- | 8€-11/ 8h |GZ9-T |790- | 9T/LE aed Rone 
SI/6I | 99I- | L9- |SST- | Gere | L¥E‘s |ZOBT | Z-ZOT| soT- | Iz-Ell Ose: | 1#9-3 | FOL | -SL/6T 
S1/6l |GIZ- | 1s | F6T- 88L 619°S | 88PF'T | 49-08 | SZI- | 89-TI| OOF | Lee-s |s60- | et/6r Porter ill Ge 
PI/61 | 08a: |Ish |9ge-. 82g | 086°T/SZI‘T | 9F-09 | #60: | 91-01] OOF | 320-3 |080- | FI/6I Sec oo foie 
cT/6I |9re- |Lgc | LIS: coh | F09'T |TI6 | 6E-8F | SLO- | SF1-6 | 09€- | 6z8-1T |ZL0- | SI/6T @ fibis 
91/61 |S8e | SOL: | TOF Log | 89'T |0ZL | OL-8E | 090- | 8sT-8 | OZE- | Gz9-1 |F90- | 9T/6I prt sips age 
LI/6l |SL&- |136- |€s9- | G-ELZ | OL6 [Tso |€9-6¢ | 9FO- |SIT-L | 08s |ZeF-I |990- | LT/6I He Ep hoe 
SI/6T |6LL- | S@-T | SIL TOG | GIL |SOb |LL-13 | FE0- | 960-9 | OFZ |61Z-1 | SFO: | 8I/6T ish asee 
61/6T GIL | [8-1 |-930-1 | $-68T S6h |186 |ZI-ST | €0- | 80-9] 00c: [910-1 | OFO- | 61/61 Ff S. 
02/61 8&1 | 3-3 1996-1 | SII 10h |83G |F3-CI | 610- |/ZL¢-F |O8T: |FI6- |980° | 02/6T & oh, acetone 
‘stoponpuoy) saddog umd puvnug-Le puw -6T ‘S Pie oe 
Spor 
FI/L |O9L- | ZT | 969- S906 | G82L | FIF| 3-2] GEO | 960-9 | OFZ: | ZE0-3 | 080: PI/L Qe owe 8k Be 
ct/L |se6- | IST |8gs- €-99T | 0-06 | SEE} 80-81] 8z0- | 98F-E |91z- |6z8-T | SL0- | St/L DES. 
T/L ) GIT | 16-T | 80-1 | FET | 1-99b | 8-493] 8B-FI| 320- | LL8-F | Z6T- |9z9-1 |F90- | T/L G2 gee 
LI/L GGL | 6F-S | IFT | 9-001 | 6-998 | 8-Z0c| ¥6-OI/ OLIO- | L9G-F | 89T- | ZZF-1 | 990: LI/L ~ 8 Sg 
SI/L IL-3 | OFS | S61] 6-€L S-G9S | 0-6FT | FE0-8 | SZI0- | L69-8 | FFI- | 61Z-1 | SFO: |  SI/L 25 382 
G/L | S08 | 68-b | S43] SI | szsT | s-E0T | 0se-¢:/9800- | 8F0-¢ | OST- |910-1 |OFO- |  6T/L ae 
0¢/L CL-€ | €0-9 | ShS] GIP LPL |I8-€8 | 032-F | OL00- | ShL-Z | 8OI- | FI6- |980- | _02/L Og ¢ 
f0G/L | OG-F | 4L-9 | 98E] TLE | 9-TET [SLL | T80-F | £900: | 169-2 | zor: |g98- |Fe0-| foc/L | BS gs 
LSE CL | FOL | FEF] 8-ZE G-9IT |13-99 | ILS-€ | SS00- | SeF-z | 960: | E18: | E0- I3/L Sof ofS 
F1¢/L If-9 | OLS | 6F-F | 8-8 P-GOL [61-89 | 8EI-E | 6F00- | 98Z-3 | 060- |Z9L- | 080: | FIZ/L ma Eire leprae 
oo/L 06-9 | 86-6 | 19-9) 1-93 | €3-68 |OL-09 |PEL-G | ZhO0- | SEI-3 | F80- | SIL |8Z0-|  3/L S338 
€3/L OFS | GTEL) SLL | G8I | F9-99 |Fs-LE |600-% | T800- |6z8-T | ZL0- |609- |#z0-| e/L a e 
G/L 9-31} LOGI} SI-Il} 8-ct | €@-h |L8-9% | ¢68-T |z00- | Fse-T |090- |80S- |0z0-| ¢2/Z Zsss 
81/€ 6-F | C6-L | ISh] Le L-CIL |20-F9 | P8F-€ | €S00- | 929-3 | SOT: | 613-1 | SF0- 81/¢ i 
61/8 IT-L | SPIT] 9-9 | O3Z | LB-SL |LF-bh | F8E-3 | LE00- | 681-3 |980- | 910° |OF0- | 6I/E an Ae 
0z/¢ 8L°8 | SI-FI] £08} GLI | 68-89 |20-9€ | Tg6-T |0800- |OL6-1 |SL0- |FI6- |9g0-| 02/¢ 5 
13/€ UI), 88-41} 91-01! FT | 20-09 Iet-8¢ |'929-T | #300: | 194-1 | 690- | §18- | Zg0- 12/€ =) 


nt er eee a 
‘ ri > 
4 


Handbook of Wireless Telegraphy and Telephony (Eccrss). 
TEMPERATURE COEFFICIENT OF COPPER. 


The general formula for the resistance at any given temperature 
involves powers of the temperature ; but for commercial purposes 
it is sufficient to adopt 0-00238 per degree Fahrenheit as a mean 


coefficient. 


The formula can then be expressed as : 


R,=Regp {1-+0-00238 (¢—32)}; 
or, if the observation is made at 60 deg., 


Roo 


== Bigs x 1-0664. 


RESISTANCE AND WEIGHT OF COPPER CONDUCTORS. : 
Robert S. Ball, junr., has calculated the following two Tables fon 
single wires of annealed high-conductivity commercial copper from the | 
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standards adopted by the Engineering Standards Committee. The 
resistances are in standard ohms at 60°F. :— 
__1.—SomeE C va DIAMETERS. _ 
Voi 
Diameter. Sectional area. em | per 000 7d, Rae 7% ae 8 free: 
In. Sia et in. | Ohms. | Lb. 
0-118 0-01094 2-197 126-5 
0-110 0-009503 2-530 109-9 
0-108 ~ 0-009161 2:624 | 105-9 
0-101 0-008012 3-001 92-64 
C-098 0-007543 3°187 87-22 
0-095 0-007088 3-392 81-96 
0-082 0-005281 4-552 61-06 
0-068 0:003632 — | 6-619 42-00 
0-058 0-002642 | 9-099 30°55 
2.—S.W.G. STRANDED CABLES. 
Number | Diameter | : : 
Biwites «| «af therijotorm eke ae epene: Weight. 
and size. strand. | 
Standard . 
S.W.G. In. he ohms per ee : ee 
ches. 1,000 yd. : yd. mile, 
3/25 0-043 0-000924 26-01 11-12 19-57 
3/24 0-047 0-001118 21-50 13-45 23-67 
3/23 0-052 0-001330 18-07 16-01 28-17 
3/22 0°060 0°001812 13°27 21°79 38°35 
3/21 0-069 0-002366 10-16 28-45 50-08 
3/20 0-078 0-002994 8-029 36-02 63-38 
3/19 | 0-086 0-003697 6504 44-47 78°25 
3/18 0-103 | 0-005323 4-516 64:02 | 112-7 
7/25 0-060 0-002162 11-12 25:87 ; 45°52 
7/24 0-066 0-002616 9-190 31-29 55:07 
7/23 0-072 0-003114 Eyed 37-24 65-54 
7/22 0-084 0-004238 5-672 50-70 89-22 
7/21 0-096 0-005535 4-343 66-21 116-5 ~ 
7/20 0-108 0-007005 3-431 83-81 147-5 
7/19 0-120 0-008649 2:779 103-5 182-1 
7/18 | 0-144 0-01246 1-930 149-0 262-2 
TN 0-168 0:01695 1-418 202-8 356-9 
7/16 0 192 0°02214 1°086 264°8 466'1 
7/15 | 0-216 0-02803 0-8578 335-0 590-0 
7/14 0-240 0-03459 0-6949 414-0 728-0 
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Handbook of Wireless Telegraphy and Telephony (EccuEs). 


TEMPERATURE COEFFICIENT OF COPPER. 


The general formula for the resistance at any given temperature 
involves powers of the temperature ; but for commercial purposes 
it is sufficient to adopt 0-00238 per degree Fahrenheit as a mean 
coefficient. The formula can then be expressed as : 

Ry=Rg. {1-+-0-00288 (¢—32)}; 
or, if the observation is made at 60 deg., 
Reo== Rae X 10664. 


RESISTANCE AND WEIGHT OF COPPER CONDUCTORS. 

Robert S. Ball, junr., has calculated the following two Tables fon 
single wires of annealed high-conductivity commercial copper from the 
standards adopted by the Engineering Standards Committee. The — 
resistances are in standard ohms at 60°F. :— . aa 


1.—Some Opp DIAMETERS. 


Se ee ee ee ae 


, ; : 
Diameter. Sectional area. | 000 a Bees = 

In. Sq. in. | Ohms. | Lb. 
0-118 0-01094 2-197 126-5 
0-110 0-009503 2-530 109-9 
0-108 - 0-009161 2-624 | 105-9 
0-101 0-008012 3-001 92-64 
C-098 0-:007543 3°187 87-22 
0-095 0-007088 3-392 81-96 
0-082 0-005281 4-552... 61-06 
0-068 0:003632 | 6-619 42-00 
0-058 0-002642 | 9-099 30°55 


— 


een Er, STRANDED CABLES. 


Number | Diameter : ; 
; Nominal Resistance ; 
of wires of the Srege dl at GOOES Weight. 
and size. strand. | 
| Standard 
S.W.G. In. eae ohms per rail | pk a 
inches. 1,000 yd. ; yd. mile. 
3/25.) < 0-043 0:000924 26-01 11-12 19-57 
3/24 0-047 0-001118 21-50 13-45 23-67 
3/23 0-052 0-001330 18-07 16-01 28°17 
3/22 0-060 0°001812 13°27 21°79 38°35 
3/21 0-069 0:002366 10-16 28-45 50-08 
3/20 0-078 0-002994 8-029 36-02 63°38 
3/19 ; 0-086 0-003697 6-504 44-47 | 78-25 
3/18 0-103 | 0-005323 4-516 64-02 | 112-7 
7/25 0-060 0-002162 11-12 25°87 45-52 
7/24 0-066 0-002616 9-190 31-29 55-07 am 
7/23 0-072 0-003114 7-721 37:24 65:54 
7/22 0-084 0-004238 5-672 50-70 89:22 
7/21 0-096 0-:005535 4-343 _ 66-21 116°5° ~ 
7/20 0-108 0-007005 3-431 83-81 147-5 
7/19 0-120 0:008649 | 2-779 103-5 182-1 
7/18 0-144 0-:01246 1-930 149-0 262-2 
veh yi 0-168 0-01695 1-418 202:8 356-9 
7/16 0 192 0°02214 1°086 264°8 466'1 
7/15 | 0-216 0:02803 0-8578 335-0 590-0 
7/14 0-240 0-03459 06949 414-0 728-0 
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Handbook of Wireless Telegraphy and Telephony (Kccius). 


IMPERIAL OR BOARD OF TRADE STANDARD WIRE GAUGE. 
Table of Relative Dimensions, Lengths, Weights, and Resistances of Pure Copper Wire. 
By H. G. CHEESMAN. 


sss EC 


‘6° C. OR 59'9° F. 
wo. ot DIAMETER SECTIONAL AREA. WEIGHTS AND LENGTH.—Sp. gr. 8°90. RT ACE ek ae 
Stan- seperate} Mihstlel tial No. of 
dard Circular Onis B.T.W. 
Gauge.| Inch| Mm. Pema sien (aie vane Square | Grains anes yore. Feet | Yards eee et C00 pn Ohms per| Metres Ohms per Gauge 
=| mm a2 |(d?x ° mm. , . 
‘O0lin, ) m. |perfoot.| feet, | metre. | Pt 1b.) pertb. | gram feat. | Obi metre. |perohm.| per lb. | kilogm, 
aan 2 | 3 4 5 6 7 8 9 ay ES Ta ne pea 16 17 18 19 | 20/9 
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300 | 76200 | 90000- | 58°064 —_|-070686 45°603 1905'S [27227 405°87 | 3°6729| 1°2243 | -0024630| 011381 | 88253] -00037177|2689°9 —_|00041618 |-0009175 | 1 
2 | -276 | 7-0103 | 76176: | 49°145 —_|-059828 88598 |1613°1 |230°44 34362 | 4°3304| 1°4464 | -0029110/ 0-12387 | 7469-7) *00043923/2276°7 | -C0058098 /0012807 | 2 
3 | -252 | 64008 | 63504: | 40°970 |:040876 | 82°178 1844-8 =~ [19211 286°38 | 52054} 1°7351 | -0034919| 0°16059 | 6227°1| °00052688|1898°0 | 00038592 | 0018429 3 
4 | -232 | 5:s927 | 58824: | 34°725 —-|-042978 27°273 |1189°8 —-|162°88 249-72 | 61415) 2°0471 | 0041199] 0°18047 | 5277-9| -00062164/1608°7 | 0011636 |"0025653 4 
é "212 | 5°3847 | 44944- | 28-996 | 035299 22°73 | 951°74 —|15°96 202°68 | 7°3550/ 24516 | -0049339| 0-22691 | 4407°1| *000744471343°2 | 0016688 |-0036792 | 5 
192 | 48768 | 36864: | 23-783 —_| 028953 18°679 | 78064 [11152 166-24 | 89670; 2°9890 | -0060153| 027664 | 36148} -00090764|1101°8 —_|-0024806 |-0054687 | 6 
7 | 176 | 4:4703 | 30976" | 19-984 —_—| 024329 15695 | 65593 | 93708 | 130-69 [10-671 | 3°5570 | -0071587| 0732922 | 3037°5| 0010802 | 925°79 |-0035183 0077454 | 7 
yoO640e 25600" | 16516 | 020106 12079 | 549-19 | 77-445 | 115-44 |19-913 | 4-3042 | -0086620| 0°39836 | 2510°3| -0013070 | 765°11 _|0051438 [011340 $2 
3°6576 | 20736 |143'378 — |-016286 10°507_ | 489°11 | 62°70 93511 (15-941 | 5°3136 | ‘010694 | 0°49181 |2038-4 | -0016136 | 619°74 {007840 | 017284 g 
3:2512 | 16384 | 10°570 —|-012868 8°3018 | 346-95 | 49°565 73°886 |20°176 | 6°7253 | -013534 | 0-62243 |1606°6 | {0020422 | 480°67 | 012558 | 027686 | 10 | 
2°9463 | 13456° | 8°6811 ~-010568 6°8182 | 284-95 | 40-707 60°681 |24°566 | $1886 | 016480 | 0-75787 |1319°5 | 0024866 | 40216 018618 {041045 | IL 
2°6416 | 10816- | 6°9779  |-008495 5°4804 | 229:04 | 32-720 48°76 |30°562 | 10°1873 | -020:02 | 0°94286 |1060°6 | ‘0030935 | 323-26 |-028816 063527 | 12 
2:3368 | 8464" | 54605 |-006648 4°2887 | 179°24 | 25-605 38'170 |39°055 | 13°0183 | -026199 | 1:2048 | 829°97| 0039531 | 252°97 047056 | "10374 13 
2°0320 | 6400° | 41290  |-005026 3°2429 | 185°53 | 19°361 28862 |51°650 | 17°2166 | -034648 | 1°5934 | 627°57| -0052280 | 191-28 |-082301 | "18144 | 14 
1:S2gg | 5184" | 3°3445 |-004071 2°6267 | 109°78 | 15-683 23°378 |63°765 | 21°255 | °042775 | 1:9672 | 508°33| -0064543 | 154°94 = |-1253 34815 | 15 
1:6256 | 4096° | 2°6426 |-003217 2°0755 | 86°738 | 12°391 18°471 |80°703 | 26°901 | °054138 | 2°4807 | 401-65) 0081687 | 122-42 |-20093 44297 | 16 
1:4224 | 3136- | 270232 |-002463 15890 | 66-408 | 9-4869 | 14°142 105-41 | 85°136 | ‘070710 | 32519 | 307°51| -010669 | 93°727 |-34278 ‘75569 | 17 
1:2192 | 2304: | 1:4864 |-001809 11675 | 48-790 | 6-9700 | 10-390 |143-47 | 47-823 | -096245 | 4:4262 | 225°93| -014522 | 68°860 |-63504 |1°4000 | 18 
10160 | 1600: | 1:0323 |-0012567 ‘81072 | 33°882 | 4°8408 7-2154|206-60 | 68866 | “13859 | 63737 |156°89 | ‘020912 | 47°820 | 13168 | 29030 | 19 
0-91439| 1296- ‘83611 |-0010179 "65668 | 27-444 | 3-9206 58445125506 | 85°020 | 17110 | 7:8689 [127-08 | -025817 | 38°734 | 2-0070 | 4°4247 | 20 
81280| 1024: "66063 |-0008042 ‘51886 | 21°684 | 30978 4°6179|322°81 | 107°603 | -21655 | 9°9590 [100-41 | 03267 30°605 | 3:2149 | 70875 | 21 
71119] 784: "50580 |-00061575 "39725 | 16602 | 2°3717 3°5355/421°63 | 140°543 | -28284 | 13-007 | 76°878| °042678 | 23°432 | 54845 12-091 22 
60960} 576° 37161 |-00045239 29186 | 12198 | 1°7425 2°5975|673'89 |191:296 | 38498 |17°705 | 56°481] °058089 | 17°215 !10°161  '22°400 23 
24 | 022) -55880| 484° 31225 |-00088013 | -24524 | 10249 | 1-4642 | 271826 | 682-98| 227°66 | 45816 | 21°070 |47-460 | -069130 | 14°466 [14-391 31°725 | 24 
25 | °020 | *50800} 400° ‘25806 |'00031416 | 20268 84705 | 1:2100 | 1°8039 | 826-40| 275°46 | °55437 | 25°495 |39-223 | -083648 | 11°955 [21069 46449 | 25 
96 | 018 | °45720] 324° 20903 |-00025446 | 16417 6°8611 | 0°98016 | 1°4611 | 1020°3) 340710 | 68441 | 31°475 [31-771 | *10327 9°6835 |32°112 70°794 | 26 
27 | -0164| -41656| 268°96) 17352 |-00021124 | 13628 5°6955 | 81365 | 1:2129 | 1229°0) 409°66 | -S2447 | 37°916 |26°371 | 12440 80385 |46°600  |102°73 27 
28 0148| 37592) 219-04] 14131 |-00017203 | 11099 4°6384 | °66263 | 0°98779| 1509-1| 503.03 | 1-0123 46°558 |21°479 | 15275 6'5466 |70°261  |154°89 28 
99 | -0136| 34544) 184-96, 11933 |-00014527 | -093719 | 3°9167 | 55954 | °83410| 1787-2} 595°73 | 1-1989 55°136 |18°137 | *18090 5°5280 | 98539 |217°24 | 29 
30 | -0124| -31496| 153°76| 09918 |-00012076 | 079100) 3:2561| 46515 | -69340| 2149-3} 71660 | 1°4422 66°324 |15°077 | °21761 4°5955 |142°59  |314°34 30 
31 | -0116| -29464| 134°56| “086811 |-00010569 | 068181 | 2°8495 | -40707 | °60682| 2456-6) 818°86 | 16480 | 75°787 |13°195 | *24865 4°0217 |186°18  |410°45 31 
39 | -0108| -27432| 116°64| — °075250 |-000091609 | 059102 | 2°4700 | *35286 | 52600] 2834-1) 94470 | 1-9012 87°431 |11°437 | *28686 3°4861 |247°78 [54625 32 
33 | -0100| -25898| 100°00| °064515 |-000078540 | °050670 | 21176 | 30252 | -45096| 3305°6) 1101°86 | 2°2175 | 101°98 | 9°8059| -33459 2°9887 |337°11 |743°18 33 
84°64|  -054605 |000066476 | -042887 | 1°7924 | 25605 | 38169) 3905°5) 1301°83 | 2°6199 | 120°48 | 8:2997) -39531 2°5297 | 470°56 |1037 4 34 
70°56| 045521 |-000055417 | 035752 | 1:4942 | 21346 | 81820] 4684°8| 1561°60 | 31427 | 144°53 | 6°9190) 47419 2°1088 | 677-°09 |1492°7 35 
57°76)  °037264 |-000045365 | -029267 | 1°2231 | 17473 | —-26047| 5723°0| 1907°66 | 3°8391 | 176°56 | 5°6639| -57928 1°7263 |10103  |2227°6 36 
46°24 029831 |-000036317 | *023430 | 0-9792 | 13988}  -20853! 7148°8| 4382-93 | 4°7956 | 220°55 | 4°5343) -72360 1:3820 |1576°6 —_|3475°8 37 
36°00] _ *023225 |-000028274 | 018241 ‘7623 | 10891 | °16235| 9182-2| 3060-73 | 6°1597 | 28328 | 35309) -92942 10759 |26011 |5734°4 38 
27°04| 017444 |000021237 | 013701 5726 | 081800, *12194|12295- | 4075-0 | $2008 | 377-14 | 2°6515) 1-2374 0°80815 | 4410°5 | 10164 39 
23-04) 014864 |-000018095 | *011674 4879 | 069700] -10390/14847--| 4782-3 | 9°6245 | 442-62 | 2°2592| 1-4522 ‘68860 | 63504 |14000- | ~< 
19-36] 012490 |-000015203 | -o09s097|  -40997| -058567| -087306|17074 | 5691-3 |11-454 | 526-75 | 1-9984| 1-7983 “57862 | 89940 |19828 
16-00  -010322 |-000012566 | -0081072|  -3388 | 048402} -072154|20660- | 6886-6 |13:859 | 637°37 | 1°5689/ 2-0912 "47820 |13168°0 | 29031" 
12°96}  -008361 |-000010179 | -0065668]  -2744 | 039206] -058445|25506- | 8502°0 177120 786°88 | 1:2708| 2°5817 "38734 |20071°0 |44247° 
10-24!  -0066068'"0000080425) 0051886]  -2168 |  -030978| -046179|32281- | 10760°0 |21°655 995°90 | 1°0041| 3-2675 “30604 | 32149°0 |70875° 
7841  -005058 |-0000061575| -0039725| 1660 | °023717| -035355/42163- | 14054°3 |28-284 | 1300°8 |0°76878| 4-2678 23432 | 54845°0 |126910- 
5-76] 003716 |-0000045239| 0029186] 12198] -017425| -025975/57389- | 19129°6 |38°498 | 1770°5 | °56482) 5-089 ‘17215 |101609°0 |224000- 
4°00}  -002581 |-0000031416| -0020268} 08470} + -012100] -018039/82640- | 27546°6 |55°437 | 2549°5 += | 39223] 8°3648 ‘11955 |210690-0 |464490- 
2°56}  -001652 |0000020106| -0012972| -05421| -0077445| -011545/129130-] 43043°3 |86°621 | 3983°6 | *25103|13-070 ‘076511|514380°0 |1134000- 
1°44)  -0009292|0000011310| -00072965| 03049} + -004356) -0064939/229560-| 76520°0 |153°99 | 7082°0 | 14120 |23-236 ‘043037/1625700°0 |3584008° 
1°00  -0006451|-0000007854| -00050670) 0211761} -0030252] -0045096|330560°/110186°6 |221°75 |10198°0 | -098058)33-459 ‘029887|3371090°0 |7431800° 


The resistances in the above Table are calculated from Matthiessen’s standard foot of soft copper wire weighing ore grain, equalling 0°2064 B.A. units at 32°F., and are 
orrected for temperature to 60°F. for the standard ohm 109 C.G.8. units represented by 106'3 centimetres of pure mercury of one square millimetre section, weighing 14°4521 grammes at 
he temperature of melting ice. 


The resistance of pure copper wire increases as the temperature rises about 0°38 per cent. for each degree Centigrade, and 0°21 per cent. for each degree Fahrenheit. 
The Diameter (D) in mils of any copper wire equals the square root of its weight (W) in grains per foot, multiplied by 6°872. 

D=6'872 VW . mils. Or D=0'37824 ,/w - mm,, where w represents the weight in grams per metre. 
The Weight (W) pa any copper wire per foot in grains equals the Square of its diameter (D) in mils, divided by 47'22. 


= ers . . grains per foot. Or W= grams per metre, where d2 represents the diameter in millimetres squared. 


The Resistance (kt) of any pure copper wire per mile at 60°F. equals the square of its diameter (D) in mils divided into 53845°5, 


= oe 5 gtardard ohms per statute mile at 60°F. Or R= a standard ohms per kilemetre at 60°F., where d2 represents the diameter in millimetres squared. 


y 7 se : : e Ci CG 
The Conductivity per cent. (C) of any given length and diameter of copper wire is obtained by multiplying its calclated resistance (R) by 100 and dividing the product by its 
measured Resistance (7) Cas 


Thickness of Coverings in Mils—to be added to diameter of wire. 


Standard Wire Gauge... 1214 16 18-23 24-29 30, 31-32-85 8640 42-47 

Single Silk Covered........ssccecres 9 3 2 12 1} 14 Be 1}. 

Double. Silk: Coverediiisisii. csi ote 43 44 34 3 24 24 2} 

Single Cotton Covered. .........s.sseseees 8 7 6 6 6 5 4 

Double Cotton Covered................... 14 12 10 10 10 9 8 

Standard Wire Gatige.c...c0cc00-. 16-18 19,20 21,22 23-26 27-29 30-33 34-38 38-40. 
PriSiOh WAI R te iass\sbochcserstastacsee Oo 24 2 1? 1} \} 1 3 a 


To face p. 48.] 


CALS 
thomas Gar bpwe 


aye 


~ f 


, é co se 
ghee deren] oe + CAEP ORV OC CR Sees Ht 


Number 
| of wires 
| and size. 


| S.W.G. 


19/20 
19/19 
19/18 
19/17 
19/16 
19/15 
19/14 
19/13 


37/16 
37/15 
37/14 
37/13 
37/12 
61/13 
91/12 


Nominal 

area of 

conduc- 
tor 


(sq. in.) 


RESISTANCE AND WEIGHT OF COPPER CONDUCTORS, 


2.—S WG. SreanDED CABLES—continued. 


Diameter | 4 : 
| Nominal | Resistance 5 
pee area. at 60°F, Weight. 
| qe _——— vere 
Standard 
in| Baga | shee | is, | 

deb L000ry de get YY Shs PUG, 
0-180 0:01899 1-267 228-0 401-0 
0-200 0:02343 1-026 281-0 495-0 
0:240 0:03375 0:°7125 405-0 713-0 
0-280 0:04593 0-5234 551-0 970-0: 
0°320 0:06000 0°4007 720°0 1,257°0: 
6:360 - | 0°075 0°3167 911°0 1,604°0: 
0:400 0:09372 00-2565 1,125-0 1,981-0 
0°460 0°125 6°1940 1,488°0 2,619°0 
0448 0°1168 0°2059 1,403°0 2,469°0 
0-504 0:1478 0:1627 1,776-0 3,126-0 
0-560 0:1824 0-1318 2,192-0 3,859°9 
0°644 0°25 0°0997 2,900°0 5,103°0 
0:728 0:3083 0:0780 3,705:0 6,521-0 
0°323 0°400 0°0605 4,781°0 8,414°0 
1°144 0°800 0°0317 9,115°0 /|16,040°0 


Ne Oe eee ee 
STANDARD SIZES oF CaBLes or Srarep SECTIONAL AREA. 
(In accordance with the Standards of the Engineering Standards 


Committee. ) 
Resistance per 1,000 yd., at 


No. and 60°F., in standard ohms, 
diameter ————- ——-—-— 
of ee Max. 
strands | Calcu- Tee allowable 
(n.) lated. a oW- |for tinned 
able. : 
wires. 
7/-068 0:9618 0:9810 0-9910 
7/095 0:4928 0-5027 0:5077 
19/-058 0-4880 0-4977 0:5027 
19/072 0:3167 0-3230 0-3262 
19/082 0-2440 0-2490 0-2515 
19/-092 0-1940 0-1978 0-1998 
19/-101 0-1610 0-1640 0-1658 
37/-072 0-1627 0-1660 0-1676 
37/-082 0:1254 | 0-1280 0:1292 
37/-092 0-0997 0-1016 0-1027 
37/-101 | 0:0827 0-6843 0-0852 
37/-110 0:0697 0-0711 0-0718 
37/-118 0-0606 0-0618 0:0624 
61/-092 0-0605 0:0617 0-:0623 
61/-098 0-0533 0-0543 0-0549 
61/-101 0-0502 0-:0512 0-0517 
61/-108 9:0439 0-:0447 | 0-0452 
61/-110 0:0423 0:0431 0-0436 
61/-118 0-0368 0-0375 0:0379 
91/-098 0:0357 0-0364 0-0368 
91/-101 0-0336 0-0343 0-0346 
91/-104 0-0317 0:0323 0-0327 
91/-110 0-0283 0-0289 0:0292 
91/-118 0-0246 0-0251 0-0254 
127/-101_ | 0-0241 0:0246 0:0248 
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os 


Weight per 1,000 


yd. in lb. 
Calcu- ees 
lated. ables 
299 293 
584. 572 
591 580 
91] 893 
1,182 1,158 
1,488 1,458 
1,793 1,757 
1,776 1,740 
2,303 2,257 
2,900 2,842 
3,494 3,424 
4,145 4,062 
4,770 4,674 
4,781 4,685 
5,425 5,317 
5,762 5,647 
6,588 6,456 
6,836 6,699 
7,865 7,708 
8,094 | 7,932 
8,597 8,425 
9,115 8,933 
10,200 9,993 
11,730 | 11,500 
12,000 | 11,760 
E 


\ 
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EUREKA AND MANGANIN RESISTANCE WIRES. 


Eureka High Resistance Alloy. 
Rise in temperature 


Size. 
S.W.G. 


14 
16 
18 
20 
22 


Ohms Ohms 
per lb. per yd. 
2-304 0-13 
5-620 0-21 
17-80 0:37 
56°17 0-66 
153-00 1:09 


100°F. 200°F. 
5:25amp. 9:25amp 
3-15 > =. en 

2-50 4-30 

1-60 2°80 

1-09 1-90 


The carrying capacity is given for well-ventilated open spirals. 


Size. 
S.W.G. 
14 
16 
18 
26 
22 


coe 5-05 


Manganin Resistance Alloy. 
Rise in temperature _ - 


Ohms 
per lb. 
2-10 


15-65 
50-15 
137-10 


Ohms 
per yd. 
0:12 
0-18 
0:33 
0-59 
0:97 


100°F. 200°F. 
6-00 amp. 10-60 amp. 
4-20 7°50 

2-70 4-90 

1-80 3°20 

1-24 2-16 


The carrying capacity is given for well-ventilated open spirals. 


NICKEL CHROME WIRE. 


Current carrying capacity. 
(Temp. of room, 23°C.) 


Ohms. Ohms per yd. 
per tba atpeCe ws G0°C. 
4-49 ... 0-264 ... 0°344 
10-95 ... 0-412 ... 0-538 
36:70 ... 703732 2... 0-957 
108-00 ... 1:301 ... 1-700 
310-00 ... 2:152 ... 2°820 


100°C. 600°C. 
6-5amp. 250amp, 
4-2 180 S49 
3°0 110 
2-1 6:8 
16° 4. Of 


PARTICULARS OF CERTAIN RESISTANCE WIRES. 


Trade name. 


Material. 


Microeohms Ohms per Temperature 


per 


square 


cm cube. mil foot. 


Nickel chrome — 93-5 
Ferrozoid..,... Ahigh-grade Ni-steel... 84:0 
BOrry wis--<-ae Copper nickel............ 47-2 
Tarnac......... Cupro-manganese ...... 41°0 
B. Binlsc cia. cons 30 p.c. German silver.. 40-2 
Zodiac ..0.-0++- Special German silver.. 36.0 
Cupro.......+-- Copper nickel............ 26-4 


.» 441-7 
oe Oat 
... 223°0 
ne A 
... 189-9 
.-- 170°0 

12°5 


See also pp. 22 to 24, 
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coefficient 
per °C. 


.-- 0-00042 
.-- 0:00076 
..- 0000022 

. 0-000017 


eos 
eee 


0-00021 
0-00023 


SKIN EFFECT. 


PENETRATION OF ALTERNATING CURRENTS INTO A THICK 
CONDUCTOR WITH PLANE FACE. 


The current density at any depth z in a plate is given by the expression 
(I/\/ 2)se-& cos (pt —sx) 
with s=V/ (2rup/p), 
where J is the maximum value of the total current flowing along a strip 
of the plate 1 cm. wide, yu is the permeability, p is the resistivity in c.g.s. 
units, p/2r is the frequency per second, and ¢ is the time in seconds. 
The ratio of the maximum current density at depth x to that at the sur- 
face is e~**, The current density is reduced to 1 /e=0-368 of its surface 
value at the depth x=1/s. For example, for iron .=10%, p=10! c.g.s., 


the current density is about 0-37 of its surface value at the depth 0-005 cm. 
when the frequency is 10,000 per sec. 


Current Density in Earth of Resistivity 66 x 101! ¢.g.s. and unit 


permeability. 
Depth in metres. 2rn= 150. 27n=4,000 2rn=107. 
an O99 Ds si aced 0-994 = sem eee, 0:73 
Oe eo hivcaeee 0.094 ae, cs OD Tabet aoe 0-21 
Lk Sa ei PG hanenin ema nets On0 4S Scans: 0-04 
NIMES 505 a5 OAS seta 3 O73 tees es 0-000,000,1 
NLP se eae PSS 2 tert encets Uta Seas Na —_ 
ROO eS *).tae O-SUP Mtr. scan O-006 e530 _- 
A OOO 9.5223. O00 et ee — —_~ 


The current density at the surface is unity. 


For sea water of resistivity 373 x 10° c.g.s. divide depths by 4-2. 
For copper divide depths by 44,000. 


q 
Norre.—95 per cent. of a sinusoidal current of frequency = is found 
TT 


before reaching a depth of 6 metres in earth, or 1:45 metre in sea 
water, or 1-4 millimetre in copper (Brylinski). 


' VIRTUAL RESISTANCE OF CONDUCTORS WITH ALTERNATING 


CURRENTS (Skin Effect). 


Lord Kelvin showed that when continuous current is replaced by 
alternating current in a conductor, the resistance of the conductor 
appears to increase, due to the skin effect, and he gave a Table of factors 
by which the virtual resistance could be found. From this the following 
Table is adapted :— 


Factors | Diam. in centimetres. | Factors | Diam. in centimetres. 

for a for Se es 

virtual (Frequency | Frequency] virtual Frequency | Frequency 
25. 


resistance. 50. 25. resistance. 50. 
1-000 1-0 1-41 1-337 4:5 6-36 
1001 | 15 2-12 1-407 5:0 7-07 
1:031.- i> 20 2-83 1476 | 55 7-78 
1-068 | 2:5 3-54 1-544 | 60 | 8-48 
1-124 3-0 | 4-24 209-5 tee lOoml “14.1 
1-193 | 5) none 4 Oona =O o.7 Pm, teste 21-9 
1264 | 40 | 5-66 | s47 | 200 | 28:3 


a 
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WIRE DIAMETERS 


For wutcu THe Hicu Frequency RESISTANCE IS LESS THAN | PE 
CENT. GREATER THAN THE STEADY CURRENT RESISTANCE. 


tN ee 


Constantan or 
Wave- “ Advance Wire.” | Manganin | Platinum | Copper 
length diameter, | diameter, | diameter, ay 
in metres. | Diameter, | Max. cur- mm, mm. mm. | 
mm. rent, amp. . | 
100 0-30 3:5 0:29 0-13 0-006 1 
200 0:46 4:5 0-40 0-20 0-045 | 
300 0:57 5:5 0:50 0:27 0-09 Tt 
400 0-66 70 0-60 0:30 0-10 _t 
600 0-83 8-0 0:75 0:37 0-15 . 
800 0:98 10-0 0:88 0-42 0:20 
1,000 1-10 11:5 0-99 0-50 0-21 
1,200 1:20 12:5 1-10 0:57 0-22 
1,500 1:30 14:0 1-21 0-63 0-26 i 
2,000 1-52 BEY 1:38 0-73 0-30 : 
3,000 1-82 24:0 1:62 0-80 0:33 


: | 


German silver is approximately the same as manganin. (L. W. Austin.] 


ANOTHER TABLE. 


2 


Maximum diameter in mm. | 


Conductivity . | 
Substance. . : no x n=25X | n=5X. | n=2-5KE 
mic. 28 Us. 104/sec. 105/sec. | 105/sec. | 108/see.) 
A= 6000 m.},=1200 m.|A=600 m.jA=120 m 
Garbon (are damp)../.: 0-025 10-8 | 23-6 10-6 15 34 
COPPer .6..cdeeccescsesces 57-5 x 10-5 0-49 0-22 0-15 0:0069 — 
Constantaniisies.cs sede 2 LOe® 2-6 1-2 0-83 0:37 
620) 5 Wee as ee 45 x 10-5 0:56 0-25 0-17 0-079 
: 0-08 x 107° 
Graphite . .....s.....0006 to0-4x 10-5 5-9 2-7 1-0 0-84 : 
Iron permeability 3000 10 x 10-® 0-019 0-0084 0-0060| 0-0027— 
£ 1000 3 0-033 0-015 0-010 0-0046 
ze 300 a 0-059 0:027 0-018 | 0-0084 
pee 100 - 0-099 0-044 0-031 | 0-014 
a 10 + 0-33 0-15 0-10 “ea 
Manganin ......eccevseres! : 5 ; ; t : 
Nickelin ~ss.c.sseseesce0s ie ah i O18 ae 
Mercury enced. sstmerts 1-06 x 1075 3°6 1-6 1-1 0-51 
Plating vse acess te aces 10 x 1075 1-2 0-57 0-37 0-17 
Concentrated solution . 
prppili ag Bac t 46x10" | 175 78 55 25 


Multiplying the diameters by 1-78 will make the difference 
multiplying by 0-56 will make the difference 0-1 per cent. (J. Zenneck.] 
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10 per cent. ; 
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FORMULZ FOR CAPACITY, 
INDUCTANCE, RESISTANCE, &c. 


CAPACITY. 
Units. 
In the following formule lengths are in centimetres and capacities 
in electrostatic units. 1 electrostatic unit=1-11 micro-microfarad :— 


Spheres : 
TIsoLATED SPHERE, radius r, 
C= 
BETWEEN Two SPHERES, radii r,, 7, at great distance a, 
147.0 


(r;+1r.)a—2r,r, 
Parr or SpwErss, isloated and at great distance, joint capacity is 


. a (ty +1 2)4—2ryr9} 


2 


Parr oF Equa SpuEREs, close together. 
Distance between nearest points x, radius r, and x/r< 0-1 for accuracy 
of 0-1 per cent. 


Capacity between spheres 


i r 4 
= 2) ( 1.27044} loge” +— 
rose )( ements) 


Joint capacity 


14)\( -3868—-— 
=+( * Gr Nf a) 
If spheres in contact, joint capacity =1-3863r. (Russell) 


Parr or Very UNEQUAL SPHERES in contact, radii r,, 3. 
3 ; r* 
Joint capacity =r,( 1 +2-404-} 
ry 


where 7,>> 1s: 
SPHERE AND INFINITE Puang, radius r, distance h, and h>>r, 
C=rh/(h—r) 


ConcEenTRIC SPHERES, radii r,, 72, electric inductivity « 


eee 
1° 2 
C=K— 
If inner sphere ra‘l'us r, is separated from outer sphere radius r, by 
shells of dielectric «, 73,723 Kz Tx %3 &¢, 


Miaisele 1 Alok 1 1 1 
—=- —— + Be Pace —— 
4G Ky ry Ua) Ko Ts Ts Kn-4 Tn-1 Un) 
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Ellipsoids. 
ISOLATED ELLIPSOID, semiaxes a, b, ¢, 
A Ay coe eet ee 
CG 2)o V (@Hur (b+ ue pu) 
If a, b, c not very different, and S is surface of conductor, 
C= 8/4n. (Aichi) 
£.g., if a=1, b=0-7, c=0-5 true C=0-7274, approximate C=0-7270. 
PRo.aTe Evuiesorp. Je—a+te 


C= ./c?—a?/log. 


If a/c small CXc/log 2¢ 
Te fo) 


where c is symmetrical semi-axis, a is radius of principal circular section 
OBLATE ELLIPsorD. Symbols as in last case. 
C=\/ @—A/sint/V=? 
a 
C= 2a/r 
Circular Cylinders : 

IsoLATED FINITE CrrcuLaR Wire, length J, radius r, 1 >>r, 

C=4l/log. rl/4r 
CoAxIAL CYLINDERS, radii 7,, 72, Se inductivity kK, 

c=ik/ loge ‘ 
per unit length. . 

Norr.—One electrostatic unit per eee 33-9 micro-microfarads 

per foot. 


If inner cylinder radius r, is separated from outer radius r, by shells 
of dielectric x1, 71, %23 Kas fee on SUC 


1 

— =2( - loge fats loge ” ae: — x Tog 288 

Cc Ky Ty Ke Kn~1 Tn-1 

BETWEEN Two PARALLEL CIRCULAR Fp radii r,, r,, at large distance 
a apart, length J, 


If c/a small 


C=H/log. (e+ ./z?—1) 
a —(ry2-+ 42) 
Re 2Pr ifs 
When a is relatively much Satie than r, or ra, 


where 


rae 
az 
‘a =4l/loge — 
TPs 
Wire AND PaRALLeEL INFINITE PLANE, radius r, distance h relatively great. 
2h 
¢,=3/log. si 


per unit length. See Abac I., opposite. 


+) ABAC I.—Values of y= —————" 
2 loge 2h/r 
h/r. y. h/r. Yy. h/r. y. 
100 .... 0-09437 ....... 700 .... 0-06902." ...... 5,000 ... 0:05429 
200 ... 0-08345 ....... 1,000 ... 0-06578. ...... 7,000 ... 0:05237 
SOO au O-O7816 5. 2c:: 2,000 ... 0-06028. ...... 9,000 ... 0-05103: 
400 ... 0-07405 ...... 3,000" "535 0:05747 —m2.-8 10,000 ... 0-05048 


500 ... 0-07238 
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ee 


CAPACITY... 


oF 8° Sae S 8.2 Bu 828 2 S g 2 


Sas ee Re Be eee 


727 


Kee UP OL Le el): 20hr Balas ate sn tans 
4/y > 
S [4 oO =4 Se 
S 8 3:8 8 2833 die bere 
Sone E | Lala. ed tales Te eae fee RO 
ie tearm Po nbs le roa Se aaa ea ee 
= 8B 2 | 5 ye. eh, Sigs | 8 
z & } & } s 
° o 
= >So] Z 
epee YE 


ABac II.---Capactry or Two 


Apac I.—CaPACcITy OF WIRE AND 


Lone PARALLEL Strips. 


PARALLEL INFINITE PLANE. 


See p. 56, 


Table p 54. 
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SeversL PaRaLLEL WIRES AND INFINITE PLANE, number of wires n, 
radii all equal to r, and lying along equally- spaced g generators of a 
cylindrical surface radius a, where a>r; mean distance h from 
plane, h>>a, and c capacity per unit length. 


1.2 Qh 3 3) 
| se nat Meeasd 13 a? f See p. 120. 
Dises and Plates : . 
CrrouLaR Disc, radius 7, vanishing thickness 
C=2r/n=0-6364r 
Two Equat ParaLLEL PLATES. 


Rough formula, 


KS 
C=— 
4rd 


where S is the area of one face of either plate and d is the distance 
between opposing faces. 

When several parallel layers of dielectric, «,, dy; kp, d,; &¢., 
intervene between the plates 


C=S8/4r( —+—+ ... 
Kare ts 
If the linear dimensions of the plates are great compared with the 


distance between them, the effects of the edges may be allowed for 
by an “‘ additional strip,” width w, where 


d 
= = (1+-log. 2)=0-110d for plates with straight edges (J. J. Thomson), 
T 


2d 
and w=— log. 2=0-4413d for circular plates. (Maxwell: 
Tv 


When the plates are each of thickness ¢, 


ae 5 t 7 1 4d\ 
hes one ( +53) +55 oge( +7) 


for circular aa elliptic plates, (Magini} 
When the plates are circular, of radius r, thickness ¢, and r/d is not 
small, and air is the dielectric, 


mr + lérr(dt+t) |) d 
=—+— er d + log. ————— —1|-+ # log. 1+) +C, 
a J t 
where C, is the part of the capacity independent of d. (Kirchhoff) _ 
Two Lone PARALLEL Strips, of equal breadth b, distance apart d (with 
b/d >> 1), dielectric air, 


1 E 
o=— [w+1+ loge {l+a+ loge (1+-2)$] 
dor 


per unit length, where x=7b/d. See Abac IL., p. 55. (J.J. Thomson) 


When 2>100 
c=0-0255 (7+ 4-62) 


Two ConcEnTRIC CuBEs, similarly placed, faces of inner cube distant d 
from outer cube. The effect of rectangular bend along each edge 
of cube is allowed for by subtracting 


1 loge 2 
2a( 5+“) 14413 


Tv 


from the length of each edge of the outer cude. (J.J. Thomson) — 
56 _ 


SELF-INDUCTANCE. 


Thus 
C= ee Vers 
4nd 


ies —0-4774.—0-6882 
in air. d 


LEYDEN Jak, outer coating a cylinder, height h, radius r. Corrections 
for the free edge and the rectangular bend make 


one{ A” _o-sork 
4d 


SELF-INDUCTANCE. 
Units. 
In the following formule lengths are in cm and inductances in 
electromagnetic absolute units. 1 electromagnetic unit =10-® henry. 


Linear Conductors : 


StraicHt Rounp WIRE. 
1. For steady or slowly varying currents, 
Length /, radius r, permeability pu. 


=f log. eV PEt Jip ++ 
: 


I uN 
== 2 log ——l+ a) (Neumann) 
r 4 


See Abac III. p. 58. Reading on right scale must be multiplied by /. 


PA | 
Asac III.—Values of y=2( log == 4) 
r / 


t/r. Yy. L/r. y. l/r. y. 
BOTs O80889., ayes 200 bree a1 O°483' oy, Fe 700 ... 12°989 
BO Pee ee e104 S075... DOU) J. ge TOA. aerns's9 900 ... 13°491 
LOE ee TS OOS we cee' SOO tae aber ok OSes. 1,000 ... 13°702 
100... +=9-0966 


2. Current proportional to cos pt. 


For low frequencies—conductor length /, radius r, sectional area a, 
resistivity p in c.g.s. units, permeability u, frequency p/27 in seconds. 


2 13 
L’=L— = ue? ) x<about 2 


where x=ppa/p and L is as given above. 


a 13 . 
Values of y=— t ae) 


48 180 : 
0-1 ... 0:0002082 ...... 0-6 5... 0°007305- 12 .., 0-0270 
0-2. ... 0:0008306 ...... OSs on OOL2 TA Acces 14 ... 0-0350 
Q-4- ... 0003295 ...... 10 ... 0°0193 - 


For high frequencies ¢ 
4 ps 
tak" (1— a 4 (Heaviside, Rayleigh) 
a 


See Abac IV., p.58.—Reading on left scale must be multiplied by ul and 
subtracted from L. 
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+ 301p—> 
ra : = 
o = a = oa a = a S js er vie 
=] 
S 
= 
4/p —> 
z—=> 
=) 
So (OF o47oO ° oO o Oo O10 OS 
a = SY ao ead 2 SE} Se Sgt 2a Sete cea 
HR ES TEER Sa A Ha TM TS dd Wee Be ee i eee 
ELE We Em Fz a VS AN NS ce TE ED BLT CASE ROT A PEE 7 RT RRO ES NE Sa TI Reet 
= ie 
val tees be ad a re -1)t-> i) é& 
¢ 
v +39 v4 
reg es 
= 
g iS 
D et (an) ‘ en 
© = c [op] S ro ey =f ~d 
inate fet Les [aes] Sabclel eld La ett ete he lepd cba daed hecd se). amenpen een Jape leet = | oleh jueee ie eee 
a PS cee cm ee SS = 
— oO a) So Oo 
is) «yl Ve) i Tie ~= © oO S a 3 gs S 2 S 4 S 
4/)—> 


ABAC V.—SELF - In- 
DUCTANCE OF Gc-AND- 


RETU 


ABAC I[V.—SELF-INDUC- 
TANCE OF STRAIGHT WIRE 
FOR HicH FREQUENCIES. 


Agsac III.—SE.rF- In- 
DUCTANCE OF STRAIGHT 


Rounpd WIRE. 


RN CIRCUIT. 


Table p. 59, Table p. 60. 


Table p. 57. 
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SELF-INDUCTANCE. 


Axsac IV.—Values of y=}( (1-1/2 2/2). 


y y. 
A ial Pyar (2 RR ira ii ec mond 19 CC Pon 900 ... 0-4764 
4Q in tae OPS882 in ve 500. ... 0:4684  ...... 1,000 ... 0:4776. 
LOO fn eO'4293 0... 700... 0-4733 
For extremely high frequencies : 
i 
a se 
2 


al 
=-2i{ loge —1) 
r 


which is also the formula for the inductance of an infinitely thin tube. 
of length J,radius r. Use Abac III. or corresponding Table, subtracting, 
0:50 before multiplying by 1. 

3. Current proportional to e—*?* cos pt. 

For low frequencies : 


Teele bp ees * e112)? 
= 6 8 end _ ete Se 


plka SRT oe 
=f’ +-——3 ]+ 0G eeedt aio 


6 8 
where, as before, s=yupx/p. 


For high frequencies : 
ef) (stk 
ee es af th) 
2a 


=[/4+ aE Sey (be) 


where s=V 14 1+? (Barton) 


If the eee decrement of the vibration is 5 per period, then 
k=6/20 
For copper at 60°F , p=1,697, w=1. .-. £=0°0116n7?=0°00185 pr?, 


Straicut Rop or RECTANGULAR SECTION. 

Length /, section aX. 

2b. «1. 0:2235 
L== 21} loge Ane nero nat) 
a+pB 2 

STRAIGHT TAPE. 

Length /, breadth a, thickness ¢, 

: re Let 
L=2li \ loge = +5-*) 


a 


(Maxwell) 


MuLtIrPLE CoNDUCTORS CONSISTING OF PARALLEL WIRES. 
Length 1, geometic mean of the sections of the conductors R. 


2] 
L=2{ log. — 1) 
R 


For two circular wires radius r, distance d between axes, and d /Usmall, 
R=(0-7788rd) 

For three circular wires radius 7, distances d, 
R=(0-7788rd2)s (Rosa-Grover) 


_ 59 


Handbook of Wireless Telegraphy and Telephony (Eccuzs). 


Go-AND-RETURN Circuit oF Two PARALLEL WIRES. 
The self-inductance of a length / of the pair is the sum of the self- 
inductances of the separate wires minus twice their mutual inductance 


Circuits made up of wires of various sections may thus be treated by aid 
of formule given pp. 59,70. The particular case of*equal round wires 


can be handled for various frequencies, as follows :— 
Casz or Equat Rounp WIRES. 
Radii r, distance apart of axes d 


Cid 


where for zero frequency 2— yal ~ ; and, provided d/lis not too small, we 
have approximately, for 


1 3 pee (1 oe ) 
ow frequencies 2—y= ne 180" he 


/ LU 
} cy) 2—y= sue <5 
high Urs . 


very high ,, 2—y=0 
Here x=pprr?/p where p is resistivity in c.g.s. units and p/2z7 is fre- 
quency in seconds. 
See Abac V., p 58. 
A correction for the cross-wires completing the circuit at its anda is 
obtained by adding the self-inductance of a straight wire length 2d. 


ApBac V.—Values of y=4 loge d/r. 


d/r. y. d/r. y. d/r. 

10 9:2104 57... 50 156485 oe 80 17-528 
20 LicO83 aes 60 16°37825 33.3.. 90 17-999 
30 L3r00D Sia. 70 16:994. .....0.. 100 18-421 
40 14-756 eset 


For zero frequency we have in common logarithms 


d 
L=0-7411 log, —+0-0805 millihenry per mile 
r 


or =0-4605 log, 5 4 + 0.050 millihenry per kilometre. 
r 


When the wires are near together, let 
z=2ry/2Qrup/p, g=loge (Arp . 10-19) 
then 


ce 2 d 4/2) rl ( d 
PL 1— loge a oa 1-:)- Oe (49+8) loge - 


Z zg?d? | 
provided that u is not large and z is greater ne 0 i 
For copper at 60°F., z=0-3052r1/n, where n is the frequency per 
second. (Nicholson) 
CoNncENTRIC MAIN witH Soup InNER ConpDUCcTOR. 


Length unity, radius of inner cylinder a, internal and ares 
radii of coaxial hollow cylinder 6, c, resistivity p, in c.g.s. units; 
permeability of metal u, frequency p/ 27 in seconds. 


@ 


For steady or slowly nia currents : 
be 2c# c 3c?—b? 
L=2 log «Sl 
Se — 45 2' 3 es gaye 0g b 3 ) 
When the outer sane is very thin so that c=b nearly, use the first 
two terms (Rayleigh) 
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SELF-INDUCTANCE. 


For low frequencies : 
at 
og Faget Hoh ME Natt Naf) 8 
19¢8+- 103c4b2—41b4c? +. 30% 


where m=4 , N= 
UP Ioan 22. 42. 6%(c2—b2) 


iG 14b%c4( 2c? — b?) Gtce b4c8 
I~ ~ 92 42. 3(c2—b22 SS A(c2— 02)" O(c2@—82)4 
c 
and é=loge ; (Russell) 
For medium frequencies (ma> 5) : 
b 2 1 3 
L’=2 log. “+(e ——_ — — 
a ma /2 8/2m2a2 8mia3 
Qu sinh m(e—b) \/2—sin m(e—b) x 2 
a Sie ed S eh ue (Russell) 
mb \/2° cosh m(c—b) 2+ cos m(c—b) V 2 
For high frequencies : 
b pp (lt 
L’=2 loge - + on ur (Russell) 
a 2rp\a 6 
For extremely high frequencies, 
L=2 loge = 
a 


For copper at 60°F., p=1,697, u=1,_ 
.  m==0-007406 VY p. 
RECTANGLE OF ROUND WIRE. 
Sides a, b, diagonal d= / a2--b2, wire radius 7, 
ab 


9 
readita +b) loge———a log. (a+d) —b loge ord —ya4s)+4a+n} 


( 


where, for zero frequency y=2—2 


; a 13, 
for low frequencies y=2 ras We Q ie +) 
. poo f2 
for high % CP J: 
for very high y=2, 
and, as before, x=uprr?/p. 
(For copper «=1 and a=0:00185pr’) 


Square oF RounpD WIRE. ' 
If the circuit is square, of side a, wire radius 7, y as above, 


: iat 
L=8a{ logs =+"41-220-y) 
me ae 
See Abac VI., p. 63, where the reading on the left scale must be multi- 
plied by a to give L for very high frequency. 


Using common logarithms, the inductance of asquare ranges between 


a r 
18-424a{ logs —~+0-4343 -—0-227 6) for very low frequencies 
r a 
a r 
and 18-424a{ logy . +0-4343 — — 0.3361 for very high frequencies. 
: a 
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AxBac VI.—Values of y=8 (loge a/r--r/a—0-774). 


a/r. Yy. alr. Yy. a/r. y. 
SUE al 284" ae 300 So AOD ce Spe 600 ... 44-998 
a OB Feat vor Seow a A007 41ST BOL comnts 800 .... 47-295 

100" SOOO. artes BOO. wa 43-5417 1,000 ... 49-078 

200... 36-235 


RECTANGLE OF WIRE OF RECTANGULAR SECTION OR OF TAPE. 
Sides a, b, diagonal d=\/ a*+-b?, wire section aX B. 
2ab 
—a log. (a+d)—b log; (b+d 
+B g g-(6-+d) 


—3(a-- by+2d+oartta-a) 


L=4 l (a5) log. 
\ 


a 


This formula is for steady or slowly varying currents, and a, 8 must 
be small compared with a, b. 


Circles, One Turn : 


SmncGLE TURN oF WIRE, VARIOUS SECTIONS. 


Radius of circle to centre of wire a, geometric mean distance of 


section R. H 
3h? 8a R? 
L=4 [ 1+ - loge— -(2 =a) 
ray ( ary a ee ey I 


Circular section radius r, R=0:7788r7, 

Thin circular tube radius r, 1S 

Elliptic section, semiaxes a, B, R=0-3894(a+ 8), 

Rectangular section ax B, R=0-2235(a+8), 

Thin tape width a, R=0-2231a (Maxwell) 


The linear dimensions of the section must be smal] compared with 
the radius of the circuit and the current steady or slowly varying, 
except in the case of the tube. For very high frequencies the tube 
formula is to be used for solid round wires. 


- SINGLE Turn oF RounpD WIRE. 


Radius of circle to centre of wire a, radius of wire r 
The most accurate formula is, for low frequencies, 
2 


hee (1 =I B0 aes 
Spee Be ee rrp 


(Rayleigh and Niven) 
Usefal approximate formule :— 


for low frequencies: 
8 
L=4na (101. ans) 
r 
= ( ae 
=28-95a loin ~ +0-1433) (Kirchhoff) 
r 3 


See Abac VII. The reading on the left scale must be multiplied by a, 
Asac VII.—Values of y=4z(loge 8a—1-75). 


10,000 ... 119-880 °...... DUUU svrab oat el Oa bese 500 ... 82-24 
9,000 ... 118-556 ...... 4,000 ... 108-366 ...... 200 ... 70-72 
8,000 ... 117-076 ...... 3,000 Pe, 2104: 7h. Bes 100 ... 62-00 
7,000. ces 115-398_...... 2,000 “2.82 99-66-2. 50... 53-30 
G,000 34 51185460 © ce, 1 OOO. 2 00-95. ae 20... 41-78 
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INDUCTANCE. 


“. a : —— eae _ Ses 
e 


ABAO VIII.—Setr-Inpvo- 
TANCE OF CIRCLE, 


ABac VII.—SELF-INDUC- 


|Asac VI.—SeLr-mnpvc- 
TANCE OF SQUARE. 


TANCE OF CIRCLE, 


Table: p. 62, Table p. 64, 


Table p. 62. 
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For very high frequencies : 


8a 
L’/=4ra (tog. ~ 200) 
. r 


=28-95a (toe, ae 0-0847 ) 
r 


See Abac VIII. p. 63. The reading on the left scale must be multiplied 
by a. 
Apac VIII.—Values of y=47/(loge 8u—2). 


10,000: no 116-739 “7s 5,000 43..2° 10870287. 2. 500... 79-093 
9,000) 3 LIGAL6 os.0-3 4,000 .... 105-224 ...... 200... 87,579 
$0008 Hae 113-936-<2...:. 3,000 ... 101-609 ...... 100... 58-869 
ASOUOP tr foe Lan) ceca: 2, 000-t.2> (08'S1l4- ess 50... 50-158 
6.000F7 7 V1 10-3205"..6° 7. 1,00032.;) 87:804 52 ao. 20... 38°644 


SINGLE TURN oF RounpD TUBE. 
Radius of circle to centre of tube a, radii of section r, internal, r, 


external. 
7 2 r 2 Sa a 2 2 
L=47ra (ce tte Veg eee ey y ae 
\ 8a? lo 32a? 
rie r,4 rye r 4 2p 2 4 
iach ta +28 +e) log, 2 
A(t? 1"). (re ee 8a? r,  48a?(r.?—r,?) 
for uniformly distributed current _ (Grover) 
When 7, tends to equality with r,, so that r is radius of thin tube, 


2 
b=dral (147) loge et, 
| 4a? r 


which is probably better than the formula of Maxwell. 


Solenoids of One Layer : 
(1) Low Frequencies. 
SHORT CIRCULAR CYLINDER. 


Length 6 from outside of first to outside of last wire, radius to centre of 
wire a, with n, turns per unit length, b much smaller than a. 


8 1 b? 8 
b= twabin,| log 5 at apes (108s +4) 


2 32a? b 4 
(Rayleigh and Niven) 
If b/a not very small relative to unity add inside the brackets 


1 Bt/, 8a 2), 10 88/, 8a_109 ane 
—_ ——_ — oO —-—~ <a eo 
1,024 pit ots, ;) 131,072 7 (108 b ei (Gotan) 


For 1 per cent. accuracy, if b < 4a, 
L=4rab?n ‘(10 Ri 
—47r —_ —- 
a ee ae 
a 
=29-0ab*n,? (ou j+0-688 ) 
See abac IX. p.65. Readings on the left scale must be multiplied by ab?n,?. 


A IX —V ] e€ f =47 {} = l +- 
BAC 5 —4 oC eae 5 A 2 


b 4 
&/d. tifa! a/b. Y.% a/b. y.- 
1 BOLL Oo% Alors 9 OSE O. Le ree, 30.” +s, esmeneneses 
3 ISU dn ere ss Lees) EO OU oo eee 40 ... 66-20 
5 nC Ne ema CLO Uaioe 2 Oo Date. ena 50 =... = 69-011 
7 44°33 oe eaee 20° 42.25 *87:50 
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Seiieeer a ts , o 2 
o. $6 8, 8 ee ae 2 SiS eS S sss 


> 


$9 8 x¢ 
(2: —gt- +X -1}: FL-61 2 
I I Vv 
q/® —_—> 


pa ro] en <i Oo OD fF 0 @ S —) 2 g 3 


Z r ! 
(F+2 *bo PEE 4 S_ 2 oe LE ——> 


1 9g 29 svg Lue 8 


ac TX.—Seur-rnpvotion Asac X.—SExLF-InDUcTANCE Apac XI.—MovruaL Inpva 


TANCE OF PARALLEL TAPES, 
Table p. 70. 


Table p. 66. 


OF SOLENOID. 


SOLENOID AND OF SPIRAL. 
_ Table p. 64. 


F 
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Lona CrRcuLAR CYLINDER. 


Length 6, radius to centre of wire a, and x=a/b ‘angle than unity, 
with n, turns per unit ee 


—1)8(2 9s+2)! 2s+-2 
Daegu {1-* “2+; ea Pernice (3) } 


(See also So see ) (Webster, Russell) 


Hetrx oF SMALL Pircu. 
For uniformly distributed currents. 
Length 21, radius of helix a, radius of wire negligible compared with 
a, total number of turns n. { 
L=B(a?/l)n?, | 


where the values of ‘8 for various values of l/a are 4; 
la ro0 : } 4 i l i | 
B 0: “6901 4: O13 6-313. 7-214 1038 12:34 13-59 16-15° 
l/a 3 4 5 6 z 8 9 10 
8 17:22 17-80 18-16 1841 18:59 18-73 18-84 18-91 
: (Russell) 


When 1 is less than a, use alternatively the above single layer formula of © 
Rayleigh and Niven. When extreme accuracy is required use Nagaoka’s ~ 
Tables, “‘ Bulletin” of the Bureau of Standards, Vol. VIII., No. 1, 

p. 223-4. 
When / is greater than 2a, 


; an? : Aid 14s 

sola bay ( Sareea 

when / is greater than 40a, i 
L=19-74(1—4a/3.1)(a2/1)n2 : 

and when / is greater than 400a, | 
L=19-74(a?/l)n? (Russell) 


See Abac X., p. 65. Readings on the left scale must be multiplied by — 
an*, In the Abac x=a/l=radius + half length, 4 
4.) Sie | 
ABAc X.—Values of =19-74e( 1 ia age 
: dx 8 Bee ) | 
x ay x y x y a 
O-O0N S49 i. 0-O19TS ae 0-05 ) 7... 00-9664" Ayia 0-3 ...  beZae 
0-005... 0:09849 ...... O72 329201 B03 eee 0-4 6-710 — 
‘i 0-01 poses: LOCC tee ees 0:25 veRS- O30) - get, 05 ... 8-074 — 
This last formula gives for the inductance per unit length (L,) of a 


very long circular solenoid 7, 1=(cn4)* | 


where c=2ra, and n,=turns per unit length, #.¢., L,=square of la veh 
of wire wound on the unit length of the solenoid. 
(2) High frequencies : 
Decrease from steady current inductance is 
AL=8brn,2 {3 (2a+r)—" Baal | 
2p* al 
where r is radius of wire, p is resistivity in c.g.s. units, p/27 is frequency | 


5 
} 


- 
‘~—_ emaien 


per second, (Cohen) | 
Another formula : +f 
Lae (14-4 eH! “e) 
8a(a—r) i 
where L’ is the inductance at frequency p/2r, Lg that for infinite 
frequency. (Esau) — 
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SELF-INDUCTANCE. 


(3) For very high frequencies : 
Lp =L—52n.,2abr (Heaviside) 
In deducing these formule for inductance under rapidly alternating 
current, the wires are treated as of square section for simplicity. 


Single Layer Solenoids of Medium Proportions : Quick Method. 
Russell’s formula given above, viz., 
L=B(a?/l)n?, 
which is for low frequencies, can be written 
B=, 
where a is the radius of the solenoid, n, the number of turns per unit 
hs length, and m depends only on the ratio I/a, that is, half length to radius, 
} which equals 6/2a, the length to diameter. When this ratio falls between 


1/5 and 5, the value of m may be read on the underneath scale of Abac 
XII. 


| 0 u-1 0:2 03 0-4 05 0-6 0-7 0:8 0-9 1-0 14 


i 


ABAc XII..—SELF-INDUCTANCE OF SOLENOID. 
For values of //a greater than 5 use the formula m=78°5(1/a)—28°8. 


Single Layer Solenoids of Maximum Inductance. 


For a given length of wire J and given n,, the inductance is greatest 
when the lensth b subtends 45° at the centre of the coil, provided that the 
diameter of the wire is very small compared with a. Then 2a—2-4142b. 

Then, for low frequencies 

L=27-62b8n,?=1-3224/ (n,0). 
Rule for “‘ most economical” coil, having given L, n, being fixed by gauge 
of wire and insulation :— 

Calculate 6 by the above formula, then a=1-207b, and the length of 
wire required =7-584b2n,. These formule are for current sheets. 


Ring Solenoid of Rectangular Section. 


Axial depth h, internal radius r,, external radius 
fo, total number of turns n. 


L=2hn? loge r2/r, 
which is exact for a current shect. 


wis 727e- "ee ~-e 


Flat Coils, 7.c., Spirals, 
For very low frequencies, 

Radial width c, mean radius of coil a, total number of turns n. 
8a 1 @ 8a 43 ) 
Pe deantiiog —-+——/(|] -— | ; 
{ c 2" soar (08 c 113 J 

(Rayleigh and Niven) 
G72. F2 
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For rough purposes Abac TX., p. 65, for short single-layer solenoids, 
may be used by identifying c with 6. Readings on the left scale must 
be multiplied by an?. 

Circular Coil of any Section. 


For very low frequencies. 


; cee 


Mean radius a, geometrical mean distance of section fr-» itself R . 


(see p. 62), total number of turns n. 


{ 3h? 8a es : 
L=4ran? ( 1+ loge om a ) (Maxwell) 


R 16a? 


U1 Tea 


Com. of Maximum INDUCTANCE. 


\ 


When the length 7 and gauge of wire are specified the “most eco- 


nomical ’’ coil has a circular section of radius r such that 


a=2-575r 
and L=16:8an? 
with l=2ran (Russell) 


Circular Coil of Rectangular or Square Section. 


For very low frequencies. 


in one layer per unit length n,. See Fig. 9. 
Let 2a/b=k, c/b=m, put R=0-2235(b+c), and 


reduces to 
PEVGA Ta A ben log geen 
l+m 


The length / of wire in the coil is 
l=2raben,2=rkmn 768 


This usually gives results too small. For an accurate method of com- 
putation, see “ Bulletin” of Bureau of Standards, Vol. VIII., No. 1, 
p. 138. 

If the coil is square, b=c, m=1 in the above. 


If section rectangular of axial breadth b, radial depth c, a useful + 


empirical formula is 
4rra°n? 


L= 
~  0:2317a+-0-4406+-0-390e 


where 6 and c must be small compared with a. 


Com or Maximum INDUCTANCE. 


The length and gauge of wire being fixed a coil of maximum inductance — 
can be designed with any chosen value either of m or of k. The following — 
method for coils of rectangular section is due to the author :— 

The necessary relation between k and m is 


m=0-15k(k—0°8), 
or k=0-40+4/0-16+6-67 m 
68 


n=ben,?, and then Maxwell’s simple formula — 


(Perry) | 


Mean radius a, section bc, number of turns 


SELF-INDUCTANCE. 


Under these conditions the length of wire is 
1=0-47k?(k—0-8)n,2b3 


2-42k 2 
and L=n,Abkm 14-5 log,)>——— +o-6(-—)*| henry 
l+m m 


or, less accurately, 
Ade '4-07(km)3 —0-08k? --0-45k —0-63} henry. 


Supposing L and n, given and the ratio m (or &) chosen, calculate the 
ratio k (or m) by aid of the relation given above, and then substitute in 
one ofthe formule for Z. Solveforb. Thena=4kb, c=mb. 
| Norr.—In geometrically similar coils L depends on the fifth power of 
| the linear dimensions and on the fourth power of the number of turns per 
unit length. 

The ‘‘ most economical’ rectangular coil is of s i 
Bg aos, quare section and 

1=9-47n ,?b3 
L=25-4n,4b° 

poor L and n, are given, b is obtained from the last equation and 

a=1-510. 


Solenoid of Several Layers. 


For very low frequencies. 


_ Mean radius a, length of coil b, thickness of winding c, and N, turns 
per unit length ixcluding all layers. The length is assumed greater 
than twice the mean diameter, and the thickness less than one-tenth 
the mean diameter, 7.¢., b>4a and a> 5c. 


Let a/b=s and 4c/a=t, then 


Lo=4n2N ,20% 0-45 -5)-H 1-5 —F(10 tame 
: [ Oey pd Ce CY g 
| (S. Butterworth) 


_ This formula gives four figure accuracy in the final result, but there 
is no correction for insulation space, for which see below. 


Correction for Insulation, &e. 

In the above formule for rectangular coils and solenoids no allow- 
ance has been made for the thickness of the insulation; and in deducing 
the formule the wire has been regarded as of rectangular or square 
section. Maxwell’s correction, extended by Rosa and Grover, consists 
in adding AL to the above steady curren’ values for Z (except in 
Cohen’s formula for long solenoids of several layers) . 


D 
AL=4rand/ loge 7+013806-+2} 
ne 


where d, D are the diameters of the wire bare and covered, and # has 
been calculated for the following cases :— 

One layer, 2 turns 0:006528, 3 turns 0-009045, 4 turns 0-01035, 10 
turns 0-01276, 20 turns 0:01357. ~ 

Two layers, 4 turns 0-01691, 8 turns 0-01335. 

Four layers, 16 turns 0-01512. 

Ten layers, 100 turns 0-01713. 

Twenty layers, 400 turns 0-01764 

Fifty layers, 1,000 turns 6-01778. 

“arge number of layers, infinite turns 0-01806. 
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MUTUAL INDUCTANCE. 
Units. 


In the following formule lengths are in cm and inductances in 
electromagnetic absolute units. 1 electromagnetic unit=10-® henry. 


Linear Conductors. 
Two PARALLEL Rounp WIRES, 
Each of length 1, distance between axes d, 


cei. {? loge sR rea} 
If / is much greater than d, 


21 d 
M=21; loge-——1+~- 
d l 


I d 
=21{ 2308 logy 7 —03008+5} 
( 


Abac XI, p. 65, may be used when d/l is very small, by identifying d | 


with FR and multiplying readings on left scale by l. 


ConbuctTors OF Square SECTION. 
The above formulz for round wires are usually sufficiently accurate. 


Two Opposite PARALLEL TAPES. 
Length 1, breadth b, thickness negligible, distance apart of their 
planes d, 


21 
M=21( log. 57) 
R 


where R is given by 
log. R os loge d+43 : ! b?-+ d? : 7 ue 
Oge ~ pe Oe +s Wee 1026 ( + )4+- ae tan a2 


Two ParatLeL Tapes tn SAME PLANE. 
When the tapes are in the same plane use last formula for M with 


R=0-892526 when tapes almost touching 
and R=1-956536 when edges separated by distance b (Rosa) 


See Abac XI., p. 65. Readings on the left scale must be multiplied by 1 


ABac XI.—Values of y=2(loge 21/R—1) 


1/R y I/R y L/R . y 
BOD Bia O 1888" ase ZO a a hack PU OSU was tpees 700 ... 12-489 
DU Gace aay LOL ae ceias SO0A sonnel UT OLS er pee 900 ... 12-991 
U3 a eat Tote 5 Sam ee ee DOO Weetiet SLO geen dee 1,000 ... 13-202 
100... 85966 


Two Wires Enp to End witH AXEs IN LINE. 
Lengths J, 1’, radii small, 


1+-1’ I-+1’ 
M=t log. ne + 


"ia € 
fone ting 


If V=l, 
M=21 log. 2=1-386301 
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Two Wires witH AxEs IN LINE. 
Lengths J, l’, radii small, distance between nearest ends z, 
M=(I+U’+2) loge (I4+-’+z)+2z loge z 
—(l+2z) loge (1+-2)—(U’+2) loge (l’+2) 


Two WIRES WITH AXES IN PARALLEL LINES 
In the figure AD’=/+2z+/’. AD=V 22+ (14240)? 


_ and so on. 
/ 
£D/ AD+AD’ 
{2 M— inet meh ee 
Ee AC+AC’ BD+BD’ 
a ---=- iC (AD+AD’\( BC+ BC’ 
+2 log. — pre NS eet £02 ED AD BC 


(AC+AC)(BD-+BD’ 


AD’ loge (AD+AD’)+ BO’ loge (BC-+BO’)—AD—BC 
— AC’ log. (AC+-AC’)— BD’ log, (BD-+BD)4-AC-+ED. 


’ 
' 
4 
( 
or 
‘ 
! 
' 
' 
1‘ 
/ 


- This formula includes some of the preceding cases. 


T\vo RECTANGLES IN PARALLEL PLANES. 
The formula is cumbrous. Any particular case is best worked out 
by applying the last formula to the sides taken in pairs. 


Two Equa Opposite PARALLEL RECTANGLES. 

Sides a, b, distance between planes d. The formula may be obtained 
by application of the formula for two parallel wires (above) to all pairs 
of parallel wires in the rectangles. 


(a-+a’)b’ (6-+-0’)a’ 
] a tee ey EE b 1 € _—. _ r > 
i ia og Pons +6 log (Led | +8te4 a’ —b’) 
where a’=\/ a?+d?, b= +42, cH V/V ++? (Neumann) 


Circles in Parallel Planes. 

e Radii of circles a, A, witha< A, and A—a=c, 

pelea! Distance between planes d, between circumferences r, 
so that r?=c?+d2. 


as iA For RELATIVELY SMALL c, d, 
ote >- ; ce c+3d2 c®+3cl? 8a 
1 t a aS —= —————$__—— (6) ee 
a; iA Nae ( oat 16a? 32a ) eo 
el c 3c?—d? c—6cd? ; 
{ dF 2 as eae Maxwell 
fe) ( 2a  l6ae - 48a3 +)} be } 


When c and d are much smaller than a, 
/ 8a 
M =4na{ loge —2) 


See Abac VIII., p.63. Readings on the left scale must be multiplied by a. 
lfia=A, the general formula becomes 


: ~) 8a 9 ad? 
M=4ra (4; =) Beg ( +ie 


In this, if d/a=0-1, terms ne are less than two parts ina mil- 
lion, but if d/a=1 are greater than 1 per cent. 
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2 
For VALUES OF d UP TO d=2a, leta=—, 
Aa 


SE 8\/aA g (ots 35 1,575 
Vad} S T 76" 1,024" "198" 92-1989 * + 


r 
(241 B14, 247, 7.199 ‘ 
16 2,048 | 6,128" 8,128 
(Havelock) 


When the greatest distance between the two circumferences is rr/ 2, 
as, forexample, whena=A and d=2a, or whena= (3—2/ 2)A and d=0, 
or when a=}4 and d=}\/7A, 

M=1-418599262\/ aA. 


For VALUES oF d GREATER THAN 2a. 
Let r= (a-+A)*+d? and k=(r’—1)/(r’ +7). 


OSes val: n-+1/3.5.7...(2n-+1)s4ee a 
= Bh.2 1+~k?-+ —ki+... hen 
M=2n*k veal v3 + 64 * eer ee } 

(Rosa) 


For VALUES OF d GREATER THAN 5a. 


- Qn2a?2A2 : ‘(1 a?\ A2 B(43S at\ At 
“eB 2 ete roe dt 


~( ate i t a®\A 
Piles err me | 


(Havelock) 


Circular Solenoids: 


The mutual inductance between a pair of coils would, with solid 
(i.e., unstranded) wire, vary with the frequency of the current in the 
coils. The formule below are for low-frequency currents in solid wire 
or for high-frequency in stranded wire, and strictly apply only to coils 
with closely-wound turns. 


CoNCENTRIC SINGLE LAYER SOLENOIDS. 


paren Scvrreea ts WLC T IES SPOT aT 
| Page ' L (1) Lengths Equal, radii a, A, length 
1 <=. = Sas 

phe Sea gt eee l, r=\/ A?-+2, n, turns per unit length 
i i on a, n, on A. . 
1A ies 
oes M=4r*a?n,n,(l—2A8), 
pal ‘Lie -1 at-+..5. @ 35 case aioe 693 aé 


ee ee - dv 8 .) — — — —___—_-_ -—-—- — 
8A 64A? 1,024A 16,384A4 131,072A° 1,048,576 A® © 
(Heaviside) 
l—_r+A a? AS a# /1 2A5 656A? 
wr tt 8) elie 44) 
2A 16A? re) B4Aty 29 247 
35, a8 /1 3 A’. Ae 
2,048° AT Trt re 
For rough purposes (Maxwell-Rosa) 
= a® 
Mudxtatngn 4/ ARPA +5) 
\ 8A 
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(2) Lengths unequal. 


Both the following formulz hold good whcther { is greater or smaller 
than a. 


1 


meee se ROC CAT ~ : 
H eas -[-: > ‘ 
ae, Gea ! mi tA 
4 Ad Leer ag ~~ * ‘ A 
1 5 k 4 a 1 ' 
e Were ase a we eer wre rer were (boa. aelisd &: 


Ui 
wean =- 


~ 
~~ 


Lengths,outer &, inner I; radii,outer A,inner a. Let n=V A?+ 3(x—1)2, 


re=V/ APH (a+)). Turns per unit length ny, 79, 
a2A2 atA*® 5atd* 5a°A? 


M=472a2n No Po--% 1 + ——- 0 a-- — — 6 + ——_ 3: + —_ 
Sy Mate Sah ah (ec lb 128 7 
35a8A1  105a°A® 
— Se Lae (Roiti-Coffin) 
1 1 
where j= 
te rn 


If lower accuracy is required, 
4rr?a*xln No i 12a?A?-+- xl? 
e+ 8(a2-+2+4A4?) 


(Russell) 


CoaxIAL SINGLE LAYER SOLENOIDS. 


ri 
A! ei 2D oH 
vt Eee or 
a : es: 
Saeen pee 
‘ i] ! 
H Het FE a - -- Hy Se one > 
‘ ‘ 
(Spec nce SS es eB ee Oe ia a a a 3 


Lengths 2a, 21, radii A,a, distances centre of acoil to ends of A coil x, 


and a, turns 74,7”, per unit length. Let r= «2+ A, re=V/ «2+ A? 
M=7ra?A2n,n,(K k,+K3k,+Ko5ks+), 


Wh apes Sas x xv 
where Rte —). K.=i=—"), 
Net ay dr a re? 1° 
Sih agen Ha) 234) 
: 8 ae A? Pas A? Z 
i? 5 I? 4 
b= 2, mail 3—4-), kya 5104-4) 
. a? 2 a 


a> / 
(Gray-Rosa) 
The formula is very accurate when the coils are not long, and the 
distance between them is great, compared with their radii. Under 


other conditions Nagaoka’s formule are necessary. See “ Bulletin” of 
the Bureau of Standards, Vol. VIII., No. 1, p. 64. . 
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Circular Coils of Rectangular Section. 


Coils coaxial at distance not relatively small; one coil mean radius a, 
section b axial by c radial, the other a’, 6’, c’.. Replace each coil by two 
circular filaments 1, 2 and 3, 4 respectively as shown in figure, where 28 
is the distance 1, 2 and 2y the distance 3, 4, and 
b2—c2 c’2—}’2 
ily Se bee tae 
REN ¢ Osa 
The radius of the filaments is 


c2 
r=a( l 4 
( +5) 


the mean radius of the + filaments is 


i 
ieee / 1 
‘ais ( SSE 


Calculate M,3,.M,,, Mz, M2, by appropriate circle formule, take the 
arithmetic mean, and multiply by the product of the number of turns in 
the two coils. A square coil of side 6 is replaced by a single circular 


2 
filament of radius rao 1+ ) (Lyle) 
24a? 


EFFECTIVE RESISTANCE OF CONDUCTORS CARRYING 
ALTERNATING OR OSCILLATORY CURRENTS. 
Units. 

In the following formule lengths are in cm, and resistances in 
electromagnetic absolute units. 1 electromagnetic unit =10-® ohm. 
For copper at 60°F. p=1,697 e.m. units, or at 16°C.=1,700 e.m. 
units. 


Linear Conductors. 


SrRAIGHT RoUND WIRE. 
(1) Current proportional to cos pt. 


Length /, radius r, sectional area a, resistivity p, resistance Ro in 
¢.g.s. units, permeability u, frequency p/27 or n per second. 


ce (pera 
R,=Rf,| 1+——-—+... < about 2, 
rae 12 180° ) amos ir 
l 
where == (for copper see below). 
p 0 


See Abac XIII., p. 76. 
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ABAC XIIT.—Values of y=1-+-2?/12—2*/180. 


J y. od y — y 
UES Ceti er ood a 1.0 sage ae 0-6 A tacs UP Ate Poe Sas 1-2 su. LTO8S 
Uc A Oe ngage US eee eee 0-8 wae ed DEL vases ae 1-4 we. = 1142 
0-4 tats iS ea eee Ean COLTS a eigcncee 1-6 ety NES YY 


For values of x greater than about 10 


2 3 i 
mee Viale, ea ioe 39920 .) ee 


See Abac XIV., p. 76. 


Abac X Val f =1/ ( oe past 3 2 ) 
eas = ; seh ee 
ac XIV. ues of y $2 - Vise 30° x 


32 
x y ae y x y 
10 F.52 255064 008 BOQ mer comer LA 4900 Cro 600 ... 17-573. 
DU es ce OD) os. eas 4008 “2 se b4eB OG csc. 800 ... 20-252 
EEA Dette “cg ESP ¥ 5s) Ree 500 %:. | 16-0645 - 2.2.7. 1,000 ... 22-614 
200 10-255... 


For very great values of x 
Ri= nf huplRo=Ro V §a=1V/ wpn/r 
(Heaviside, Rayleigh) 
For copper at 60°F., p=1,697, u=1; 
x=0-0116nr?=0-00185pr2. 


Comprehensive tables by P. O. Pedersen will be found in ‘“‘ Jahrbuch 
d. Draht. Teleg.,’’ Vol. IV., p. 501. 


(2) Current proportional to e-*?t cos pt. 


1+k? k1+k 1—2k?—3k4 
R n= R( 14 et ( a oN x < about 2. 
24 180 
Also R’,=8 J/s+k. Rus 
where s= (1+ -k?, for very great values of «. (Barton) 


6) 
If the logarithmic decrement of the vibration is 6, then he : 
ve 
Two PaRaLLeL Wrres (Go anp RETURN). | 


Each wire of circular section radius a, axes distant d apart, resistivity 
p, permeability (small) u, frequency 7 per second.. The total effective: 
resistance for high frequencies per unit length of the pair is given by 


1 ae | : 1 ar (2g—1)1 d 
= - j— — — Ce} = 
8rn Af +) zg*d? : 2 sees 


2 d 
[t—2—39-+204) loge 4 AN AE 
a 


22g3d? 


ao 


ae 2 
where z=4rav/un/p, g=log. G - LOI: na) ; 
# must not be large and z should be greater than 11. (Nicholson} 
For copper at 60°F., z=0-3052 av/n. 
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4) 2:506-—7 10 
[ Tila 
root | H 
tr 
ti | HL 90 
ul | 
| ; 
iH | a Hh 
it 0-6 : 30 
t 
| a 
1 vege 5 
: 50 
ros a8 we 0 
| : cere 70 
| 
& | 1 00 1S eS 
| = li + 7 a 
ite | { _ ig | 100 \ 
an . 
7 il 3 * 4 
> H a 
1-10 ; ISS 
9 
=z 
ele aD 200 
i! 
d-15 i 12 | 
i * 300 
40 | 
HL. 14 TH la00 
i i6 
1-2 + 16 500 
i yi 600 
i 18 
h 49 700 
aaa 
i a 
sal | a2 | }t7900 
mt 2-4} 1000 
Asnac XITI.—RESISTANCE OF Apac XIV.-——RESISTANCE oF 
StRAIGHT WIRE. Srraicut WIRE. 
Table, p. 75. Table, p. 75. 
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CoxcENTRIc MaIn witH SoniD INNER CONDUCTOR. 


Length unity, radius of inner cylinder a, internal and external radii 
of coaxial hollow cylinder 8, c, resistivity p, in c.g.s. units; permea- 
bility «, frequency p/27, or n per second. 


For low frequencies, 
R= Bes a ee ree ean +p +psy?)} 
192 ) " x(c?—b?) os 
(7c? —6?)(c? —b) 


where m*==4rup/p, pi= 102 


2n4 b2 6 
pees p3=— pees y=log. 2 (Heaviside, Russell) 
8(c2— b?) 4(c?— b?)? b 


For medium frequencies (ma> 5), 
R pm( 1 1 va 3 
ary, f8 Sines 8m2a? Rie 
pm sinh m(c—b) / 2+sin m(c—b) / 2 
= ee te (Russell) 
2rb ./2 cosh m(c—b) V 2—cos m(c—b) ./2 


For high frequencies, 


p.= 


R,= Jeon" +5) (Russell) 
For copper at 60°F., p=1,697, u=1, 
m=0-007406 V/ p. 
In each of the above three formula, the first portion applies to the 
inner conductor, the second portion to the outer. 
RECTANGLE OF WIRE OF RECTANGULAR SECTION. 
Rectangle 2a x 2b, frequency n, resistivity p, permeability p, b>a. 
For all frequencies, 
Dey mr? 22n?(4b4 + 3062a?— 1 1a*) 
R 45p? 
very closely if second term less than 0-5. 


If circuit is square 
ae Hale ates 3223 78u4nta8 


R 45p? «L475 pt 
with the same limitation. (H. W. Edwards) 


Solenoids. 
Lona SoLENOID OF ONE LAYER. 
Rounp WIRE. 


Radius of wire 7, pitch of winding h, resistivity p, steady-current 
resistance Rp, effective resistance of solenoid Rys, all in c.g.s. anits ; 
metal non-magnetic. 


For low frequencies, 


Rns 2h chee ag a) Hf 
Te uF Pt ar ahaa) aE OIOGR 


Af) 
For copper, ae ek 8-578 x 10-7 
4p? 
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For high frequencies, 
Rus 2 
a7. ¥ 2/140 276 ary \ 
Ro 2 h 


or,if R,, be the effective resistance of a straight length of wire equal to 
that on the solenoid, and R, >6Ro, 


Bins 2rr x 
=1+0- 276 i (Sommerfeld) 
nr 3 
Another formula is 
Bins =1s%d?, 
R 


where d is the edge of square-section wire and s is the number of turns 
per centimetre [and sd not much less than unity 2] (L. Cohen) 


WIrre oF RECTANGULAR SECTION. 
Sides of rectangular section 2a (radial), 23. 


Rus 228 
Ro =(145 = a+)? (+e it) 


where x= sa / 7? ——, <7, h< 6a (Sommerfeld-Esau} 


RECTANGULAR SOLENOID WOUND WITH WIRE OF RECTANGULAR SECTION. 


Same formula as last, but with x smaller in the ratio {4ab/(a+b)?}4, 
where 2a, 2b are the sides of the solenoid (E Re 


SOLENOIDS OF SEVERAL LAYERS 


1. Length great compared with diameter (at least eight times). For 
round wire radius r, solenoid length c, inner and outer radii 7, 1, 
number of turns m, resistivity p, all in c.g.s. units; frequency p/27 in 


seconds. 
Rys _°. w4r8m2p? rytr\2 ; 
Be testa aes SS (M. Wien) 
For wire of sectangular section, 2a radial by 20, 
6472a4b?/3, instead of r4r6 (Esau) 


2. Length small compared with diameter (flat coils).—For round wire, 
radius 7, 


Tees ee 1 aah (M. Wien) 
Ro p(rytra)®t (ratrs)*J 
For wire of rectangular section, 2a radial by 26, write 
c 1672q4b?/3, instead of r4r6 (Esau) 


The above two formule have been experimentally tested up to 
r\V/ 2np/p=1. 
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RADIATION. 


RADIATION AND WAVES 
Velocity of light and electric waves in free space, 
u=3 X10 cm /sec=186,300 miles/sec. 


If wave-length= cm , periodic time 7’ seconds, frequency n= Pi Qn 
per second, 


Units. 
The units are all c.g.s. and the electromagnetic quantities are all in 
electric units or all in magnetic units, except when distinctly stated 
otherwise. 


HERTZIAN OSCILLATOR. 
Let the dipole be of length J, and its 


Fee tee oe one charges, at their maximum valde: dm and 

fag ea ea —m, and let the charge g at any time ¢ he 

Ce Wee rae 2ru 

L G=—¢n sn 0 

uh - The moment of the dipole is $= (nl. If 
tm be the maximum current in the dipole 
b=ty1/p. 


The Electric Field at a great distance r in a direction making the 
angle 6 with the axis of the dipole is 


d (ar\* | ar ; 
AS sin —(r—uwut) sin 0 
kr\ X r 
and is perpendicular to r and in the plane of J and r. 
The Magnetic Field is 
gu/2r\2 | @r y 
a) sin —(r—uwt) sin 0 

TNO A 

and is perpendicular to r and to l. 


Radiation of Energy from Dipole. 
Energy emitted per oscillation 


_16 Pole: (inl)? 
3 3 3 du? 


in ergs per second, ¢ and 1,, being in electrostatic c.g.s. units 
Mean energy emission per second 


4: 72 4,7 a, 
=-—72 —,— ergs per secon 
Devnet oe 58 P 


when +,, is in electrostatic c.g.s. units; which 


12 
= 395— tn* watts 
2 
jz 
= 790 < A? watts (Hertz, Lodge) 


4 being the maximum current, A the root megan square current, im 
amperes. 


for Radiation from Antenne, see p. 126. 
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ELECTRICAL OSCILLATIONS. 


SIMPLE HARMONIC VIBRATION. 


A Simple Harmonic Vibration may be represented as the pro- 
jection on a straight line of a point moving with uniform angular 
velocity round a circle in a plane containing the line. If p is the 
angular velocity in radians per unit time, a the radius of the circle, # 
the distance of the vibrating point from the centre of its path at time #, 


x=a sin (pt+¢). 


Here a is the “amplitude” and ¢ the “ phase angle” of the harmonie 
motion. The quantity p is sometimes called the “ periodicity,” 
sometimes the “ frequency per 2m units of time.” Fig. 13 shows the 
graph of the function on a time base. 


x=a sin (pt+®) 


Fia. 13. 


The “periodic time” or “period” 7’ is the interval of time 
between successive occasions when the vibrating particle is at the 
same distance from its mean position and moving in the same direc- 
tion, e.g., P, to P, in Fig. 15. 


Hence pt+T)+o=pt+¢4+2r 
or eee 
P 
The “ frequency ” 7 is given by 
1 
(Se se 
T 29 


In simple harmonic motion the velocity 
x= —ap cos (pt+ ¢) 
and the acceleration 
X= —ap* sin (pt+ ¢) 
hence x= — px, 
or p=V/ —2/x 
In words : 
The angular velocity equals the square root of the restoring 
acceleration divided by the corresponding 4isplacement. 
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DAMPING. 


DAMPED VIBRATION 


In the simplest type of damped vibration 
x=ae—"! sin (pt+ ¢) 
It may be represented (following P. G. Tait) as the projection on 
a straight line of a point moving on a logarithmic spiral (equiangular 
spiral) situated in a plane through the line, with uniform angular 
velocity p round the pole. See Fig. 14. The polar equation of the 
spiral is r=ae-0/p, , 


Fia. 14, 


The “ coefficient of decay ”’ is indicated by 6 in the above formula, 
anda is the “nominal amplitude.” The amplitude during any half- 
period is the greatest value of x reached in that interval. The 
maximum amplitude is attained when 


1 
pi+o= a or t=— “4 


| eee 


Logarithmic Decrement. 


The “ logarithmic decrement ”’ 6 is the positive natural logarithm 
of the ratio of any two ordinates separated by a complete period. In 
particular itis the natural logarithm of one maximum excursion to the 
next one in the same direction. The figure shows by aid of the 
general equation for x that 


yor 
Xv 
x 2rb Ob. 
and that Qeslotees=bT =-— = 
Xs ely ee 


Thus, in words : . 

The logarithmic decrement equals the decay coefficient divided by 
the frequency per second. In consequence, the general equation 
may be written ; 

r=ae "dt sin (Qrnt+ ¢) 


Jn one complete oscillation the amplitude is reduced «4 times. 
: i: oscillations ,, Sada’ of bs end 
#.€., in one second 6 


99 99 33 € 7? 


This quantity ¢? is sometimes called the ‘‘ damping per second.” 


H. W.T.T. 81 G 


Handbook of Wireless Telegraphy and Telephony (Ecc.es). 


0-00230 000 
900 
800 
0-003 ie 
0-004 600 
. 500 
0-005 
400 
0: tule 
10-007 
0-008 300 
0-009 
0-01 


o-02 1-H 
EL so 
90 
0-08 TE 70 
60 
0-04 rH 
HH} 60 
0-05 1 | 
od | 40 
0:07 £ | 
Hit 30 
V1 c08 ra 
0-09 [5 ZA 
o1 Hy 
LH 20 
i 
CH 
in 
ap 
2 H_ | 
a 
0-2 | 
ae 
Z i 3 
0-3 
nt 7 
H 
0-4 HP 2 
f 6 
0-5 aul 
0-6 . 
0-7 
3 
os | 
09 | 
1-0 
HL! 9 
‘a 
H 
a 
| 
a 
1 
20 HHI. 
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Apac XV. 


' ‘To find number WN of oscillations 
required to reduce the amplitude to 
one-tenth, mark the given value of 
the logarithmic decrement on the 
left scale and read on th: right scale 
the integer just above. 


4000 $-0x 108 


350 — 


400 


690 


600 


700 


regatta doe 3:0 
Agpac XV1., 


For conversion of wave-length in metres (left- 
hand scales), and frequency per second (right-hand 
cae For values off the scales move the decimal 
points, 
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~- DAMPING. 


Tf in N complete vibrations the amplitude is reduced 10 times or. 
rather more, 
log. 10 eras 


~~ 


e¥5 > or=10, t.e., N>or = ‘ 
In the same time the energy is reduced to one-hundredth. Hence 
the rule : The number of vibrations required to reduce the amplitude 


2°303 , 
to one-tenth is epee 28 the integer next greater. This is quickly 


calculated by aid of Abac XV. 
For the number of oscillations to reduce the amplitude to one- 


4-606 
hundredth, take the integer next greater than 


The amplitude is reduced times (at least) in 7'/8 (or next greater 
integer) periods. 


Root Mean Square Values. 
Let there be v sparks per second and each current be i=ae~t sin ple. 
Then the effective current 


: py 
“ih lip 
=5a/ a 


where n=p/27 is the frequency, 
6=27b/p is the log. dec. 
If 5 is small compared with 27 


effective current= ha V(v/nd) 
The maximum current 


=a exp ( gi =) is 6 \? 
, 20 4 6 +/ +(5-) 
’ ) 
=o( 1-5) if 5 small compared with 2 
When the spark is stopped or quenched after N whole periods, the- 


, page v(1—e-2N6) 
effective current=~— 
2’ | nal +( mam} 
Miscellaneous ee 


d 
rial sin = (beep) dell d V pb -ut © sin (Pf 4) 
“ht cos d a He co: 
: es sin (pit $) Fae Spray ae sin ‘(mtota! 2 


Pp 
4) cos ee 4 he (20-442) 
[. fact sin (pte) | di=— ee C eslaeeiiniennes eaten el 


When ¢=0 the last formula becomes : oe 


bs ae~ ot nin Pt erp Malem 
0 BD 4 0(p?-+-b?) 


(The symbo! J stands for “ the angle whose tangent ia.’’) 
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FORMULA FOR CIRCUITS POSSESSING CAPACITY, INDUCT- 
ANCE AND RESISTANCE. 


Frequency and Decrement. 

Tet the capacity C be concentrated and constant, the inductance ZL 
be constant, the resistance R constant; then, if CR? <4Z free electrical 
oscillations are possible in the circuit of the single periodicity, 


——SS eee 


Ps eke 
p=tmn=, | = = 
VLC 42? 


with decay coefficient b=R/2L. 

The quantities C, Z and R must have their values as measured at the 
frequency p/2m per second and must be in consistent units. The quantity 
1/LC is the square of the angular velocity that would exist if & were zero, 
and is denoted by g. Thus 


: (p= /g—b? 
or g=p*+b? 
If the decay coefficient is negligibly small, 
p=1/ /LC 
and [=I ./LC 
Also b=R/2L and 6=7R J/C/L 


Wave-Length. 

In a medium for which the velocity of phase-propagation is u, the 
wave-length \=u/n=uT=2ru/p, when n, T, p relate to the oscillations 
causing, or caused by, the waves. 

In air the velocity of propagation is practically the same for all wave- 
lengths and may be taken as u=3-00 x 10'° cm. per second. Hence the 
wave length corresponding to the oscillation in a given circuit of small 


resistance is A=2ru J LU 
where J is given in centimetres when L and C are in consistent units. 
Otherwise \ in em=274/(L in em) (C in cm), 


where ‘‘ Zin cm” means the indvctance in c.g.s. electromagnetic units 
ana  Cinem”’ means the capacity in c.g.s. electrostatic units. 


Also 


\ in metres=1,885 ,/(Z in uH)(C in wk) 
=59°6 V(L in «H)(C in mul) 


where u«H means microhenry, «F microfarad and mul milli-microfarad. 
See Abac XVI., p. 82, and the folded sheet. 


Oscillatory Discharge Currents and Voltages. 
Generally, when the current is given by 
i=ae~t sin (pt+¢) 
the voltage at the terminals of the condenser is given by 
a et 


: D 
see in | lsd E 
S ates (eet s5) 
An important particular case occurs when the condenser is initially 
charged negatively to voltage H and then allowed to discharge through 
the circuit. Here, reckoning time from the beginning of the discharge, 


i=(H/Lp)e- sin pl 


and ies: sae Ma gee *) 


co 4 


OSCILLATORY CIRCUITS. 


lf the damping is small, 


i= oe Sosa ( aah 
L \ VLC 


with b= R/2L as before. 
Also v== — He?! cos ay ee 
J LC 


_ The voltage lags by approximately a quarter period behind the current 
if, as here, the direction of a charging current be taken as positive. 

Effective Value of Current.—The initial energy of the condenser 4CE? 
is dissipated in the resistance R, and there are v sparks per second. 


. R (effective current)?= 3»CE?, 


: Cv ‘ : 
or I= a Ee ‘(damping small), 


and the effective voltage V is given by 


aly eat yee I 
Ar ORs Al G 
Dead-beat Discharge. 


When R is so great that CR?=4E, free oscillations are just not possible. 
The equation of this dead-beat discharge of a condenser charged initially 
to a voltage —Lis 

Le 
t=— te,” 
where the positive direction of i is that which gives to the insulated plate 
of the condenser a positive charge, and 
Rees 
RAGE LG 
The maximum current occurs at the moment 


The voltage at any time is 


t 
v= —Be( 14 : ) 
, V/ LC 


Non-oscillatory Discharge. 


When R is so great that C'R? is equal to or greater than AD free oscilla- 
tion is impossible. The limiting case has been treated under “ dead- 
beat discharge ” ; the cases CR?> 4L have, when the condenser is initially 
caarged to a voltage — ZH, the current given by 


E 
i=—e ” sinh pt, 


R | Oe hg 
where rs; and p= —+— 


Note that p is not an angular velocity, and pt is not an angle. In ex- 
ponential form the equation is : 


A iss FE 01 ptr) 
The condenser’s voltage at any tinte is most simply expressed as 
eet: et (p+bye”’-+ (p—bye ve 
ap 
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Special Cases of Discharge. 


CIRCUIT COMPRISING CAPACITY AND RESISTANCE ONLY. 
Two cases occur frequently : 


(1) A charging voltage Z is suddenly applied ; 


aa! 
then eet! CR vol Seema 
| | vera c 


hia 


(2) A condenser charged to voltage — H is discharged ; 


. t 
and the condenser’s voltage v=H(l--e—GR) 


a 


| mh 
then = cd € aR) 
wid 
and the voltage v=—He vk 
The quantity CR is called the “time-constant of the circuit. 


<CINCUIT COMPRISING INDUCTANCE AND RESISTANCE ONLY. 
Two cases occur frequently : 
(1) A voltage # is suddenly applied ; 


ee —) 
then t= —\]—e RL 
a. & i R 
and the voltage drop in the inductance is _. 
R 
v= He 1" 


(2) A steady current in the circuit is allowed to’ decay by removing 
the driving voltage #; then 


Fa l=<e Ly 
k 


and the voltagedrop in the inductance is 


pipe vat ) 


The quantity L/R is called the “ time-constant ” of the circuit ; it is 
‘the time which the current takes (in case (2)) to fall to 1/e of its initial value. 


FORCED OSCILLATIONS. 


When an inductance-capacity circuit is acted upon by an electro- 
motive blow, or when a non-oscillatory voltage of definite magnitude 
is suddenly applied or removed, the oscillations produced in the 
circuit are the “ natural”’ or “free ”’ oscillations already described 
But when the voltage which is suddenly applied is oscillatory and 
different in frequency from the natural oscillations, the current in 
the circuit is the resultant of two parts, (1) a vibration of the “ free ”’ 
period, produced by the act of starting, (2) a vibration of the period 
of the applied voltage. This latter is called the forced vibration. . 

Let the free period of the circuit be 27/p in seconds and the decay co- 


efficient be bin inverse seconds, and let the period of the force be 27/w and 
‘its decay coefficient m, in the same units. 


ee ee 
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FORCED OSCILLATIONS. 


GENERAL CASE. 
Sudden application of the damped oscillatory voltage given by 
e=ae~™t cos (wt + >). 
The current produced is 
i=a {e- mt cos (wt-+p—0)—ce-%t cos (pt+-)} 0 
where c= f ®t Go cos ¢ cos (p—0)} /p? 
O° {(b—m)?+ p?—w? $24 4(b—m)2w? 
tan 6=2(b—m)w/ {(b—m)?+ p?—w} 
tan y= {w tan (p—0@)—b-+m} /p 
‘When the voltage is given by 
e=ae—™! sin (wt+¢) 
the current is 
t=ale™m sin (wé-b p—)—c'e~"t cos (pt—y’)| + Ao 
where c’#—4w*+ 0 sin sin (p—4)}/p? 
tan ate cot (p—0)+b—m}/p 
and the other symbols are as given above. 


PARTICULAR CASES. 
When the applied E.M.F. has the same frequency and damping as the 
natural vibration of the circuit, we have : 


(1) e=ae—"t cos (pt+-¢) 


and , tant} pt sin (pt-+-)—sin ¢ sin pt} /2p? 
3 (2) e=ae-*% sin (pt+¢) 
and i=ae~°t! — pt cos (pt-+)-+cos ¢ sin pt} /2p? 


An important particular case occurs when an alternator is switched 
on to an inductance capacity circuit. Thisis obtained by putting in the 
general equations m=0 so that the applied E.M.F. is e=a cos (wt+¢), 01 
¢=a sin (wt+¢). . 


Case of Resonator 
When the period of the resonator is nearly equal to that of the force 
acting upon it and the damping is not great, the reading of a thermal 


instrument in the resonator, which is proportional to | vdt, is some con- 
0 
stant multiple of 


w?(b-+-m) 
(p?—w?)?+ 4w2(b—m)?  bm{(p—w)?-+ (b+ m)*} 
Less accurately, we may write this as 
btm 
ET PIER SOROS PES 
bri { (p—-w)?-+-(b-+-m)?} 
If the frequency of the resonator is varied, preferably by varying the 
condenser, the values of y plotted at corresponding values of p give the 


curve of Fig. 15. It is symmetrical about the line. p=w, the maximum 
value of y being 


sg eM re eee 


1 
Nes SRS 
bm(b--m) 
If the more accurate formula be used the curve is not symmetrical and 
PQ is not equal to QR. 4 
For determination of damping the following results are convenient. 
Plot the resonance curve with ratios of frequencies as abscissze and ratios 
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of y to MN as ordinates. Then, referring to the diagram (Fig. 16) and 
calling u,+u.=2u, 


neue ae 
]1—z 


a 


vf 2 


OF Oe ry, fos 


w 
where z is ratio of thermal effect to its maximum value, u=- ~1, 


2rb 3 
and 5,= as the log. dec. of the resonator at the frequency w/27, nd 4 is 


——o 


a 


the log. dec. of the force. 


po 


Fic. 15. 


A table of values of re, Gees, 


— 


eeecerecccce 


seer eeseccce 


ee ey 


eee wee esese 


eee eeensere 


sewer eee oeee 


teeter eee eree 


ee eee eeweece 


Ce ay 


eee oesenee 


re es 


oe | 


ee) 


es 


Sewer ee eeeee 


es 


eee ween arene 


— 


Ratio of any y tothe maximum. 


P/w = Ratio of Frequencies. 
Fia. 16, 


is appended :— 


ee es ee Se Se 
or] 
bo 
bo 
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COUPLED CIRCUITS. 


COUPLED CIRCUITS. 

When two circuits are arranged to interact in any way they 
are said to be “coupled.” When the coupling is etfected with 
material conducting connection it is said to be “ direct,’ but when 
effected otherwise it is called ‘“‘ indirect.” Indirect coupling includes 
two distinct varieties, magnetic coupling (Fig. 17) and electric cowpling 


(Fig. 18). 
cal Boy Li Ly L, 
Puec"s : . . ; : 
Fia. 17. Fig. 18. 


Direct coupling includes cases in which part or all of the inductance, 
the capacity, or the resistance is common to both circuits. Direct 
magnetic coupling, sometimes called also conductive coupling, is indi- 
cated in Fig. 19, where the resistance of the common coil marked L is 
supposed negligible. Resistance coupling is shown in Fig. 20 and 
condenser ceupling in Fig. 21. Circuits sometimes occur in which 


C 
L 
Ry 3 Ls ako, Lok Ry ; 
1 


Fic. 19. Fia. 20. 


several kinds of coupling co-operate in linking the primary with the 
secondary. Examples occur in Fig. 22 and 23. 

| In the figures and formule, L,, C, R, represent the primary 
inductance, capacity and resistance, and Lo, U2, R, the secondary 
inductance, capacity and resistance. M_ represents the mutual 


L,R, 

| o) Ly M 

| R, L Ly 
| Ry 
| Cz 

| Fig. 21. Fic. 22. 


inductance between two circuits, L, C and F the inductance, capacity 


and resistance common to two circuits, or linking two circuits. 
The coefficient of indirect magnetic coupling in Fig. 17 is 


ne M 
V Like 
and the magnetic leakage factor is o= 1—k?. The coupling co- 
efficient is often expressed as a percentage, ¢.9., k=0-10, or 10 per cent. 
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The coefficient of direct magnetic coupling in Fig. 19 is 


het pe 
V Lilie 
The coefficient of mixed magnetic coupling in Fig. 22 is 


Here M is positive or negative, that is, acts with or against L, 
according to the relative direction of the windings. L,, L, each 
include L. 


M 
Cc 
ie Iss 
RS ¢ Ry 
C’ : 
C, Cy rs 


Fie. 23. 
The coefficient of electric coupling in Fig. 18 is 


ee ee) en 
| V (Cr +y)(C2+y) ee 
. | Wesluerl 
where , = —4{— 

Sn oa Oy 


The coefficient of condenser coupling in Fig. 21 is 


ge keV U 2+ V (O4C,)(O+Cy) 


Ly "ai oc 
C, ar i 
Ry QO Cc 
Fra, 24, 
The coefficients of coupling in Fig. 23 are 
k= Mj LiL, 
and ke=y J/C,C.~ 
(iy(C1t+ 41+ K,)+K,(C,+K,)} {y(C.+ Ky + Ka) + K;(C,+K,.)t}? 
where 1 ERI Poe, 
eae, i oF 


In Fig. 24 is shown a mode of coupling two oscillatory circuits by 
means of a circuit containing inductance coils, but no condensers. Let 
| be the inductance of this circuit, and let k,?= M,°/IL,, k.2=M o/LL 
as the Spore of coupling may be defined by the equation 

"he +k, 
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COUPLED CIRCUITS. 


FREQUENCY AND DAMPING IN CIRCUITS COUPLED 
MAGNETICALLY. 


The various types of magnetic coupling are of great importance in 

practice. The following formule apply only to magnetic coupling. 
R 1 1 R? 

Let —*—},, ——=g, and p,?= — 
or TC, eet GC, 40,3 
so that g,=—p,’+6,?, with a similar notation for the secondary 
circuit. ‘Then, when the system of the pair of coupled circuits is set 
into oscillation, two free vibrations are possible with frequencies and 


4 


Srey 
decay factors orig B, B’, which are conveniently expressed by aid 
T T 


of quantities G, G’, where G= P?+ B*, G’= PP"? + BY, Let c= 1-2". 


2 
[Note that the log. dec. sy &e.] 


i 

If the primary and secondary have the same natural frequency 
when separated, the circuits are said to be “‘isochronous,”’ or “‘ tuned.” 
In this case p,=p,. If, on the other hand, g,=g,, they are said to be 
““in resonance.’ Isochronism and resonance are practically the 
same thing unless the decay coefficients are large. 


Circuits of Distinct Frequencies. 
Case 9,9». 
(1) Coupling coefficient less than 10 per cent. : 


¥ b,+bs)9,—2b,92 - 
d=g (1+), Bab, tig ee 


91-92 (91—92)” 

k? ps he eee 
@=9(1 4 29 ) Bl=b,+ kag, (5, +O2)92— 291 

Jo-91 ia by (91-92) 


If the ratio of the g’s exceeds 1°5 these formule are in error less than 
5 per cent. ; 


(2) Coupling coefficient large, up to 50 per cent. : 
1 aes 
G, fae {gitg2tV 9:2+92"} 


ae ,_5ig2'+6.91" 


1/ ; 
Bod hi-fb,)2 fais 
ets 86 +90" 


(91 +92)" 
For the general case (including the above) : 
G,@’=(9:+92+8)/(2c) 
where is {(git-g2)?—4eg.g0}? 
={(9:—92) +4h9,g,}? 
bi +b, 


] 
: +— {(b,—b.)(9,—g2) + F°(by92+b29,)} 
Co Ics 


When b, and b, are small compared with p,? and p,?, we have g,=p,? 


q Sg ire =) eat 
an =<. ence g,=( — ), go=( — 
J2>P2 91 e J2 T, 


The upper of the alternative signs is used in calculating G and B, the 
lower for G’, DB’. 

Let A, A’ be the wave-lengths corresponding to the free vibrations, and 
Ap A, those corresponding to the separated circuits, then we have, if 
resistance be neglected, 


vy nen | MEEADE Ltn gy eatta rat}?! 
’ ae ? 


B, B= 
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In this formula periods may be used instead of wave-lengths, since 
A\,=uT,, &e. 


Circuits in Resonance. 


In this caseg,=g,.=9, G, a 
1+k 

,. Oy+6, 

baie aes 


The B formule are not true for very small couplings. 
If 7'o be the period of each circuit 


T, T’-=T Jl pk 

These approximate formule may be expressed in terms of the 
frequencies and wave-lengths and logarithmic decrements. Let 
Ne, Ag and 6, refer to the primary circuit when oscillating apart ; 
iigs Ag and 5, to the secondary alone; n, A, 5 and n’, d’, d’ to the 
oscillations existing in both circuits when coupled. Then, the 
decrements being supposed small compared with 27, g,=py*?=(27N 9)? 
and §,==27b,/po, =27B/P, &e. 

Thus we have for the “ coupled oscillations ” 


ne Ct RO: fin if ah 

n’ Xr =~ V Bo pee Load 

and A, NEA WY 1Fh 
raed “oO Yeo db. +8. 

1S 
V pec ta ee 


where & is coefficient of coupling (see next paragraph). 


Approximations Usinz ‘‘ Degree of Coupling.’’ 


P. Drude developed some approximate formule that have been 
corroborated in certain particular cases, but of which the validicy in 
other cases is very doubtful. Let k’. the “degree of coupling ” 
be defined by the equation 


~I 
a oe Gres ae See 2) 
i7 Fo 
or se (Sy Ba) ay» 
2a Do 


as the case may be. In the former case the coupling may be called 
close, in the latter case loose. 

With close couplings the formule just given for tuned circuits are 
to be amended by using #’ instead of &. 

With loose coupling the formule for B, B’, and 4, 6’ must be replaced 
by th» following :— 


RB Be Dasha: | k’p, 
, On) ke 2/1 ps 
and 6, 0° =3(8,+6,+27h’) 
rk 
+3, — 
7 6,—6, 


With degree of cowpling zero—that is, with 
k=(5,—63)/27=(b;—63)/P9 
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we have, according to this theory, 

A=N=A, 
that is, the coupled circuits have only a single frequency. The above 
equation for & is called the “ condition for a single wave.” 


Secondary Voltage in Coupled Circuits. 

Case of Resonance : 9,;=Jo=J- 

The complete expression for the particular case when the oscilla- 
tions are started by charging the primary condenser to a voltage # 
and then allowing discharge is 


ME I’ , a Pp’ 
2a Bes — a Sa hee ’ 
———— - : 2 f r oa 4- < P%t carr 
V> Stiga | € sin w+ J pp ne sin + J ) | 


> 00° 0:02 0-04 0:06 0-08 0° 
PS ce aie Sees SaaS Sa 

ae ees 
wb ‘ 5 —— 


0:90 


ery | 


Cine 
AA 
srtaee 

| 
| 


Va 
Lok AA | Ah 


AZZ 


|| | ) 0-12 O14 0-16 0-18 0:20 
els BA APE 
0-02 0-04 0-06 0:08 0-10 0-12 


k, coeffictent of coupling. 


Fic. 25.--CURVES SHOWING RELATION BETWEEN p AND & FOR SIX 
DIFFERENT VALUES OF 0,+6,. 


"Lhe greatest value that can be attained by v, is approximately 


- 
iN aa 


1 


C 
or ip e e) 


Oscillatory Amperes per Charging Kilovolt. 


Oscittarory Ktlovolts per Charging K ‘lovolt. 
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b, +b, §,+6, 
where a= > 
2k(1—k)p, 4rk(1—k) 
b+, 6548, 
2k L+k) py, 4rk(1 +h) 

Let v»=— pEw/C,/U., then values of p and kare given by the curves 
of Fig. 25, calculated by C. H. Taylor. (Note that the ratio of energy 
wansference is equal to the square of the ratio p.) 

BEATING OF OSCILLATIONS IN COUPLED CIRCUITS. 


The time of a beat is p ai 


Pe 


In the case of resonance (i.e., 9; =9.=g) 


we have, therefore, for the number of 
40 oscillations in which the primary energy 
can just be transferred to the secondary 
circuit the expression 


1 l. Se 
=f 5 B) 


: . 4 : 13x10 © 
‘ \ ‘ \ s i +... , SECOND 
AV ame 


30 


10 


40 J F iq. 26.—PRmMaRy AND SECONDARY (BROKEN LINE) CURRENTS, COUPLING 
} 5 PER CENT. SECONDARY AMPERES ARE MULTIPLIED BY 2'5. 


Fic. 27.—Prmary anp SECONDARY (BROKEN LINE) VOLTAGES, COUPLING 
5 PER CENT. 
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BEATING OF OSCILLATIONS 
] 


of the quicker, or . ( |— eee -) of the slower oscillation. 
a “ + 
Figs. 26, 27, 28 and 29 show the primary and secondary enrrent 
and voltage curves calculated from the following data :— 
L,=6-0uH, C,=0-0luF, 6,=0-98 x 10° (sec.)-t 
L,—60-0uH, C,=0-001uF, b,=3-27 x 10° (sec.)7 
Hence the angular velocity in both circuits was p=4:08 x 10° in seconds. 


— 
oO 


10° 


wn 
e 
tf: 7s CCN SECONG 
. \ BG ’ eas 


oO 


—y 
oO 


F ia. 28.— PRIMARY AND SECONDARY (BROKEN LINE) CURRENTS, COUPLING 
30 PER CENT, SECONDARY AMPERES MULTIPLIED BY 2'5. 


15 


3 
a 


~ Ossillatory Kilovolts per Charging K ilovett, 
(2) 


ed 
ro} 


20 
Fig. 29.—PRiIMary AND SECONDARY (BROKEN LINE) VOLTAGES COUPLING 
30 PER CENT. 
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ALTERNATING CURRENT. 


An alternating current may be regarded as a forced oscillation due 
ultimately to a machine or other device (such as a Poulsen arc) 
which generates an alternating voltage of constant frequency. (See 
** Generation of Oscillations,” p. 182.) 


Harmonics. 


In practice A.C. is rarely simple harmonic, but in accordance 
with a theorem of Fourier’s, may usually be considered in 
the most general case as the resultant of a number of simple har- 
monic components, together with a direct-current component. 
Thus the general formula for A.C. is 


i=1,+1, sin (of +$,)+J, sin (20¢+ G.) +7, sin (30t + bs) + 


where 7 is the value of the current at any time t, w/2m7 and q, are the 
frequency and phase angle of the “‘ fundamental ” or “ first partial,” 
w/m and @, relate to the “ first harmonic ” or “‘ second partial,” and 
so on; while ZJ with appropziate suffix denotes the amplitude of a 
partial. 


Phase. . ~ 


A pure sine wave current is represented by the formula 
I sin (wf+¢). The current is said to have a “lead” or a “lac” 
relative to the pure sine voltage Hsin wf, according as the phase 
angle @ is positive or negative. In Fig. 20 J is leading HZ. This 
curve is drawn on an angle base ; that of Fig. 13 on a time base, 


Root Mean Square. 


The “effective” or ‘virtual’ value of a sine A.C. is the R.M.S, 
value taken throughout a complete period— 


LLNS Lege ee 
1.€., (=| fi ‘ . Thisis VP or 0-707 J. Calling this A, the expen- 
diture of power as heat in a resistance by a sine current of amplitude 
Lis KA*. Similar statements apply to sine voltages, and V=L/y/2, 
A.C. ammeters and voltmeters read the effective values. 

In the general case, when harmonics are present, the R.M.S. 
current is A=1/$(1,?+Ay2+A*%,+As?+) 
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ALTERNATING CURRENT. 


Power. 


Let V be the effective voltage at the terminals of an apparatus 
and A the effective current through the apparatus, and let 


e=4/3V sinat, i=/24 sin (wt+¢) 
‘Then the rate of working in the apparatus is the time average of e ¢, 
hich i | 
+ ea P=AV cosh 
where P is in watts if A and V are in amperes and volts. Cos ¢ is 
called the “ power factor.” Work is done on the apparatus or by the 
apparatus, according to the sign of cos ¢. When cos ¢=0—.e., 
when current and voltage are “in quadrature,” no work is done on 


the average, and the current is called “ wattless.” 
In the general case let the voltage be 


e= Ey+ E, sin (ot +1) +H, sin (2ot + 2) + 
and i=1)+1, sin (of + $1) +1, sin (2wt + $_)+ 


The average rate of working is 
P=1,E,+A,V, cos (¢,—W1) + A2V 2 cos (p2—Wa) + 


The formule above for P are the same when e and # ave both 
expressed in cosines instead of sines. In all cases the expenditure of | 
power in a resistance R ohms is RA? watts. 


A.C. in Resistance, Inductance and Capacity. 


A sine voltage Z sin wt produces a current 


{= R sin wf in a resistance R 


E 

i=— sin («—5) in an inductance L 
@ 2 

{ : ( 45) a capacity C 

i= sin my eit i 
PGs ok oe Ned 


the units being a consistent sysiem. 

The quantities Lw and —1/(Cw) are called the “ reactance,” or 
sometimes 1/(Cw) is called capacity reactance. The symbol for re- 
actance is X. If a circuit possesses a resistance, an inductance and 
a capacity acting in series, we have . 

F E 
a/R? + (Lo—1/lw)? 


The denominator is called the “impedance ”’ of the circuit. Its 
symbol is Z. Here the reactance X=Lo—1/(Cw), and may be 
positive or negative. 


¢ 


; ( Lw—1/Cw 
sin ts“) 


R 


Th t is 4 ae t =) 
i {= — j— 
e curren Z sin (© R 
In effective values 
. ; io: © x 
A=. with lag 42 
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In the general case with voltage e as given above, yey 
l=I ae ( : a ) Ge 
= faa hie L a can 
0 + Z, Ss W + vv, R 
Ly x 2 
Scr eat os Seu AE 
+3, sin ( wi+wW, ) 
Es x ‘) 
+— sin ( 8e'+y,—I— 
Z, sin ( w' +, R 
+ ete. 
Where Gey ie a 


X,=2wL—1/(20%, ete. 


‘impedances in Series and Parallel. 


Let two circuits with impedances Z, Z’ be connected in series. The 
total resistance is R+R’, the total reactance is X +X’. The latter 
és an algebraicsum. The total impedance is therefore 

oii . Kak4 
d RE Pax 4\2 ith 1 Be eee 
V (R484 (X4X7)}, wit ag SER 


\y 


(eles la de 


| 


WISCE SE NOQOS DS ea@ee + oe eee = ~~ 


Fie. 31. 


Let the two circuits be connected in parallel. The total imped- 
ance 18 
ZZ'—V/ {((R+ RP +(X +X} 
; 4 Xo X4+X" 
with lag Int +r IRR 


Just as problems on resistances in parallel can be more easily 
handled by using conductances instead of resistances, so problems 
on impedances in parallel may be worked by using “ admittances,” 
the reciprocals of impedances. 


oO 
Clock Diagrams. 


Sine currents and voltages can be represented in a piane by the 
projection on an axis of vectors whose lengths and directions are 
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TRANSFORMER FORMUL €. 


chosen to rep esent magnitudes and phases. If the vectors be sup- 
posed to rotate, relatively to the axis, with angular velocity , the p-o- 
jections represent the alternating values (sce Fig. 31). These vector 
figures afford great help in solving such A.C. problems as permit the 
vectors to lie in one plane. They are called clock diagrams, and are 
usually drawn to rep-esent voltages. 

Suppose A.C. of maximum value J to flow in a circuit comprising 
resistance R, inductance L, capacity C, in series. Set off at any 
angle w! the vector OF to represent RI to scale. At right angles, 
and forward, set off FG to denote Lol to the same scale. From the 
end G set off —J/C in the same direction. In effect this subtracis 
from Lw!, so that FH represents (La—1/Cw)I, or XI, where X is the 
whole reactance. Join OH. By geometry, 


OH=+1/ R?+X?. [=ZI 


where Z is the impedance of the circuit. 

The projections on the upzight axis give instantancuus voltages. 
Thus Of is the instantaneous voltage across the resistance, /g that across 
the inductance, gh that across the capacity (down means minus), and 
fh that across the whole reactance, and OA that at the terminals of 
the circuit. Thus Ohrepresents # sin w! to scale. The relative phases 
of the voltage and current are seen in the relative directions of the 
vectors OH and OF. The current lags behind the applied E.M.F. 
by JHF/OF—+.e., 1X/R. By altering the scale in the ratio 1/2 
the vectors give directly the effective, instead of the maximuin, 
values of voliage and current. 


TRANSFORMER FORMULZE. 


The following formule are accurate for an air-core transfor mer 
supplied by a sine-wave alternator. For generality a condense: is 
supposed included in each circuit, primary and secondary. If there 
is no condenser in primary put Cj=o , in secondary put U',=o. 


AHGGOGTTUTD 


OI Lilt C, 


| ot | 


Fig 32.—TRANSFORMER CIRCUITS. 


The applied voltage H cos (wt+ 9). 

Inductance, total in primary circuit L,, in secondary L, 
Resistance, i Ne Se ae SPP % Rg 
Capacity, ” 39 ” Ch, ”» C, 
Mutual inductance between primary and secondary, M 

Magnetic leakage coefficient c=1— M*/L,L, 


In the following formule currents and voltages may be considered 
to be all expressed as maximum values or all as effective values. 
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WitnH SECONDARY CIrRcUuIT OPEN: 


Primary reactance X,= Pier ae 
1 


4 impedance Z,=V (Ry2+X,?) 
XxX, 
current I,=£/Z,, lag bas 
1 
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Secondary formule (primary open) are analogous. 


Wira Loap oN SECONDARY : 
Let ratio of transformation be m=I,/I., 


then m=Z7e! Mw. 


Modified primary reactance X’,=X,— 


resistance Rf’, =R.t TS asad SS it R,/m 
* py impedance Zi =V (x; count 2) 


For certain calculations it is convenient to define the following three 
quantities : 


99 99 


M2w2 
Modified secondary reactance X’,=X imegig sa 
1 
Mw? 
a aA resistance R’,=R,+ rt R, 
ap pt impedance Z'g=WV (Xo2+ By) 
Also LD y=454et M*w?=Z 2", 
Currents. 


Primary current (with maximum primary voltage £) is 
1,=E/2', with lag 9’;=| X’,/R’, behind E.M.F. of machine. 


—Mw 
Secondary current I,= ae i 


py 


Be , 
with lag =+ a Ph behind primary current, 
2 


Voltages at Condenser Terminals. 


E X* 
Primary condenser V,=——— , with lag aun —+ behind E.M.F. 
Cy\oF'1 2 trae 
C x . 
Secondary condenser V.=— V,, lag c. +4 —* behind V, 
Com 2 R, 
Or V,=1,/C, with lag ; behind primary current 


and V,=—1.j10Cw 99 99 secondary 9 


Tv 
2 
Power supplied by machine is 
E 2 
4E I, cos o=4R(5") 
“ay 
EY" 
Power wasted in primary 18 4R, (F -) 
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TRANSFORMER FORMUL<£. 


Equivalent Circuits. 


In the general case for any given value of H, Li, Ay, Cy, Ly, fig, v2, 
it is possible to represent the currents and voltages in a transformer by - 
analogous quantities in an equivalent network (see Russell’s “ Alter- 
nating Currents,’ Vol. II.). But when &,<<X, and k,<<X,, 
an approximate partial representation may be given by a simple 
circuit possessing inductance L. resistance Rk and capacity C in series, 
traversed by a current of amplitude J when acted upon by a sine 
voltage of amplitude Hy, and with a voltage V at the terminals of the 
condenser C. 

In low-frequency circuits there is usually no primary condenser, 
therefore Z,=L,. The equivalent circuit can be specified so that 
the magnituces of the currents and voltages in the transformer are 
simple multiples of those in the equivalent circuit. Let these 
arbitrary multipliers be a 8B. y; then 


V,=aV, 1,=pl, E=yL, 
Then the equations of p. 100 lead to the equivalent circuii values 


aml .w @ 


R=pyRy’, C=(a/8)mC, 
The actual secondary current is given by 


l.=pijm 


The equivalent current: J is in phase with J,, and the relative phases 
of secondary and primary currents follow from the general formule. 
Suppose the condenser in the secondary circuit of the transformer to 
become short-circuited, as by a permanent arc at the spark-gap or by 
wecident. The currents J,’ and I,’ now running in the primary and 
secondary of the transformer are given by the general equations by 
alteration of X,. They may, however, be obtained by calculating 
she current J’ in the equivalent circuit when the condenser C is short- 
sircuited, and then using the formule 


the currents J,’ arid I’ being in phase. 


Example. 


Let an equivalent circuit be required such that its condenser 
voltage equals that at the actual secondary condenser, and its 
currents, both before and after short-circuiting the condenser, be the 
same as the actual secondary currents in the corresponding circum- 
ytances. That is to say, we must have a=1, B/m=1, and B/ya=1. 
Thus B=m and y=m. Therefore the equivalent circuit must have 
C=C,, and a machine voltage m.E, The actual primary current is 
[,=I1/m with condenser, and I ,’=:(L,/M)I’ with short-circuit. 
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RESONANCE TRANSFORMER. 


Conditions Steady. 

By adjusting the condensers and reactance coils, especially hig). 
values of the voltage at the terminals of the secondary condenser can 
be obtained. This is sometimes spoken of as “tuning” the set. 
Practically it may be accomplished by varying the inductance of a 
choke coil in the primary or in the secondary or by varying either 
condenser, the resistances being kept constant. The method of 
tuning by altering the inductance of the primary circuit is the more 


usual. 


Maximum J, BY ALTERING X, is obtained when 
| x ate. fhe os 


M*w* 
i, X, =—. X; 
Zo" 
or Ag =r ks 


Currents : 


E 
I,=-=,-, in phase with machine E.M.F. and isa maximum. 


: Mok ere 
>=———, with lag — — 
a7 Re Do eRe 


Voltages at Condenser Terminals : 


Vis 


as 
, with lag ~ behind machine, and.is a maximum. 
CywoR’; 2 
ME [ Xo : : 
V,= ———. with lag r+] pat and is a maximum. 
z 1 le es : 
Power supplied by machine is $H?/R’,. 
Power wasted in primary is $R,( #/R’;)*. 
Maximum J, by ALTERING X, is obtained when 
ye 
Mw? 
1.@., x3= = 


1 


Currents : 


ox 
I,=—, with lag | a behind machine E.M.F. 
1 1 
Mok “ig xX, : , 
I,= , with lag —+_| —, and is a maximum. 
Zi & 9 2 Ry 


Voltages at Condenser Terminals : 


B T 
ig C102’ 1 2 iy 
ME : XxX; : , 
ot WED Aa or et lees, and is a maximum. 
CLR’ .Z, B, 
Power supplied by machine is $R’,(E£,/Z';)? : 
DovUBLE TUNING is sometimes required, and is effected by first adjust- 
ing one circuit to give maximum J, and then the other circuit to increase 


that maximum, 
In this case Ce eae HE 
m? piel, 


2 


RR’ =2ks ft =27 3, Z,Z.= M08 
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RESONANCE TRANSFORMER. 


Currents ¢ E 
I,=—.,, in phase with machine E.M.F. 
2k, 
# ty xX, 
[,=—7=—._, with lag ~ — 
OW BR, oe 
Voltages : E be 
= , with lag— 
20, eR, 2 


z teiaet iaes 
——__>=—=, with lag r = 
20,0 RR, R, 
Power supplied by machine is H?/2R,, and power lost in primary resis- 
tance is equal to that put into secondary, each being half the power 
supplied. 


Y= 


APPROXIMATIONS. 


In low-frequency circuits {as in “‘rare snark”’ operation) there 


is usually no primary condenser and R,<<X,,R,<<X,. Then, in 
general, 
Ze +4R,7/X1,+ 7-2 @ 
4,2Xo4+4Re?/Xot+ eo 8 ® 
Tuning in the primary gives 
ch.C w= ] —Rh’C.w/X, + eo © 89 
tuning in the secondary gives 
CLC .w?=1—hRyY/(oLly?w*)+ . 
Thus, when &,, #, are sufficiently small 
cL. w a=] 
‘ indicates, practically, double tuning. 
Then 
Xy=Lw, X,= Mw /L, 
the transformer ratio is 
m= M/L,=L,k?/M= ka/ (L/L) 
and 
: LY? } M? 
R, =R, +55 FR, R, ea 
Note that in closed circuit transformers, when k=1, m,secondary 
turns + primary turns. 


Risk oF CURRENTS AND VOLTAGES. 


In “rare spark’ operation and in the use of high-frequency 
alternators, the voltages and currents grow up to practically full 
values in the course of a few alternations. As arough approximation 
we may use for a tuned transformer set the equations 

4,= —I,(1—e-*) sin wt 


Ve= V.(1—e-*) cos wt 


hh Sous 


and the minus is retained to indicate that the secondary current is 
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opposed in phase (approx.) to the machine E.M.F. The curves fo 
the case b/w—O0-1 are shown in Fig. 33. 
If the spark gap is set to break down at the voltage V;, the time 
between sparks is 
: 1 ' Ve 
ee 3 Oe pa 


In well designed transformers it is found that a spark occurs every | 


4 or 5 periods with a ratio V,/V,=0-5, and then the length of the 
spark gap is about four times that possible in the non-resonant 
method of operation. The spark rate may be altered without 
mistuning the set by varying R, or R, This alters } and also V,. 
By a relatively smnall increase of primary resistance the value of V; 
may be reduced below V,, and then sparks cease. For applications 
of this; see description of Eiffel Tower station. The spark rate may 
also be altered conveniently by altering Ly. 


Fic. 33.—GrowtTs of SECONDARY VOLTAGE AND CURRENT IN RESONANCE 
TRANSFORMER SET. Cage, 0/w=0-1. 


Equivalent Circuits for Resonance Transformer. 

The statements and symbols of p. 101 apply here with little 
change, the hypotheses being, as before, R}<<X 1, R,<< Xp. 

Let V, I, Ey, L, R, C, refer to the equivalent circuit, and a, B, y be 
the arbitrary multipliers such that V.=aV, 1,=B/, H=yH,; then 
in the equivalent circuit 


pop B eee 2 Bf lakes it) 


a Wt aN i 
a MC Li? 
On Ra eyRy=By( Rit GTR.) 


Thus LC=1/w?. The phase of the primary current J, is the same 
as that of the equivalent current J, and the secondary current is 
practically opposite in phase. . 

When the secondary condenser C, in the transformer secondary 
circuit is short-circuited—by a permanent arc or by accident—the 
currents I,’ and I,’ may be obtained from the general equations, or 
jlse from the current J’ in the equivalent circuit when its condenser C 
is short-circuited by using the formule 

< B B 
1,’=— —]!, [./= Lay? 
ya M ya 


_— 


MEASUREMENT OF TRANSFORMER. 


It may be mentioned here that when the secondary condenser of a 
tuned transformer set is short-circuited, the ultimate change of the 
magnitude of the primary current is given by the ratio 


dag fo ee 

T, (L,-M*/Ly)e 
and the secondary current change by 

| Stale Mare 

tg by (Ly—M*/L,)o 


The equivalent circuit has the decay coefficient R/2T.=bpo, say. 
Therefore 
iG (ya'M)b 
Example of Equivalent Circuit. . 
Suppose the equivalent circuit is desired to have the same rate of 
rise of current, &c., as the aciuval transformer, and the same currents, 
both with its condenser open and with it short-circuited, as the 
secondary circuit of the transformer under corresponding circum- 
stances. We must have 


pee et tT 
or ya= Mo B=™, B=ya 


The third equation is not independent of the first two in this case, 
go an additional condition may be imposed. Let this be that the 
equivalent condenser and the secondary condenser have the same 
maximum voltage, te, let a=l. Then a=1, B=m, y=™Mp, and 
we have for the equivalent circuit 


L=oL,=L,—M?/L, 
R=m?R,=R,+ h,(M*/L,”) 
C=C2 

together with V.=V, 1,=!, 1,=(M/L))I 


Measurement of Constants of Transformer. 


The primary and secondary resistances are measured by direct 
current. The resistance of the armature windings of the alternator 
must be included in Ry. 

On the assumption that R,<<X,, R,<<Xz, the values of Ly, 
L,, C,, M, &¢., may be obtained as follows. The symbols J, V, #, 
stand all for maximum values or all for R.M.S. values. The alternator 
is supposed to be of constant frequency [2a 

Measure the terminal voltage H of the alternator when on open 
circuit. Connect it into the primary circuit as when in use, and open 
the secondary circuit ; read the magnetising current I, 9. Close the 
secondary circuit with C, as when in use, read the primary current J, 
and the secondary current J,. Now short-circuit the condenser (', 
and read the primary current J,’. Open the primary and connect 
the secondary circuit, without condenser, to the machine ; read the 
current I.) with primary open. Connect only the condenser across 
the terminals of the machine and read the condenser current ly. 
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Then L,=E](ol 19), Le=L/'al yo) 
C,=1,/(Lw), o=1 1/1, 
ke=1—o, M@’=L,L,k* 

and m=I,/I,. 
Asacheck — m= L,(1—I 9/1.) + M 


Usually in practice, J, and I. are of the same order of magnitude, 
I,, [49 and I,’ are much larger. 

In all the equations given above for the transformer, L,, L, 
include the choking coils, machine windings, &c., in series with the 
transformer windings; and o is the magnetic leakage coefficient 
between the primary circuit and the secondary circuit (without 
condensers), not between the primary and secondary windings of the 
transformer taken by itself. Moreover, the word transformer must 
here be understood to include the frequent case in which several 


equal units have their primaries connected, and their secondaries _ 


connected, in symmetrical fashion. 


ADJUSTMENTS OF TRANSFORMER SET. 


Tuning to a definite alternator speed may be effected by varying 
the primary inductance, the secondary inductance or the magnetic 
leakage, and, as has been pointed out, the result is practically the 
same in each case for a well-designed transformer, especially with 
an open-core transformer. Before beginning to adjust the circuits, 
the constants of the transformer circuits and the capacity of the 
given condenser should be determined ; a few preliminary calcula- 
tions will indicate the probable amount of extra primary or secondary 
inductance required. The easiest way of finding exact resonance is 
to read an ammeter in the primary circuit as the loading inductance is 
varied ; but, instead, a voltmeter across the terminal of the secondary 


condenser may be employed. The excitation of the alternator need 


only be very low during these tests, and sparking must not be 
allowed. pe: 


Nore on CONSTRUCTION. 


H. E. Hallborg has described tests on transformers built for the 
American Marconi Company’s 300 kW stations. The units are 


75 kW each, and are used four in parallel. They are of closed » 


magnetic circuit type with cores of high resistance silicon steel, 
wound with alternate primary and secondary coils. The required 
magnetic leakage may be obtained by proper separation of primary 
and secondary coils, and is made sufficient to discourage arcing an 
excessive wattless current when spark discharge occurs. 

The most efficient arrangement is that in which the whole of the 
inductance is in the alternator and the transformer. Both copper 
and iron losses are minimised. Flexibility is, however, lost, if a 
wide range of capacity is to be used; but may be regained by 
regulating the flux leakage or by adding primary inductance. 

The open-core transformer has the high leakage characteristic 
which is desirable for spark work, but requires more copper and iron 
for a given output than a closed-core transformer. Both iron and 
copper losses are relatively greater in the former than in the latter. 
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ONE SPARK PER ALTERNATION. 


High leakage may be obtained in the closed-core type by careful 
disposition of the windings without resort to magnetic shunts or 
other devices. 


Cne Spark per Alternation. 

This is the most usual modern way of using the alternator of 
ordinary frequency (say, 50 to 200  ) ior the production of musical 
spark signals (100 to 400 ~ note). The discharger may be some form 
of gap between fixed electrodes across which a blast of air is forced 
to stop arcing; or electrodes in relative motion may be used, with 
or without blast. In the latter case the most common form of 
moving electrode is a rotating disc carrying peripheral studs, the 
disc being run synchronously with the alternator. But such a disc 
may, of course, be run asynchronously, in which case the voltages 
of successive sparks are different, and the formulz below do not 
apply. In neither case do the steady state equations apply. H. E. 
Hallborg states that the natural frequency of the set should be 
10 to 20 per cent. lower than that of the impressed force. 


e-Lsinpt pC== U 
NAG 
Fia. 34. Fiq. 35. 


The following approximate formule have been given by L. B. 
Turner, the simplifying assumptions being— 

1. That the primary and secondary resistances of the transformer 
are almost negligible ; 

2. That the best conditions occur when the frequency of the — 
alternator is equal to the natural frequency of the ‘ equivalent 
circuit” of the alternator, transformer and condenser load. 

Fig. 34 indicates the disposition of the circuits and shows the 
notation adopted. For these circuits Fig. 35 is an equivalent 
circuit, p being the ratio of the number of turns in the secondary 
winding to the number in the primary, and R=R,+R,/p*. The 
current i, running in the primary is approximately equal to the 
current in the equivalent circuit, and the voltage across the actual 
condenser C is approximately p times that across the condenser 
shown in the equivalent circuit. 


E 
Then, =o t sin pt, roughly 
and P.D. across equivalent circuit is 
e=—4H (sin pt+ pt cos pt) 


Assuming the spark to occur exactly at the maximum trans: 


former P.D., 
Spark voltage=4pH 
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Fig. 36 gives curves showing the run of current and voltage up to 
pt—180 deg.—t.e., up to the occurrence of the spark. The curves 
then all suddenly drop to zero, and are repeated on the negative 
side of the axis. 
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Fic. 36.—REsoNANCE WoRKING. ONS SPARK PER HALF-PERIOD. 


The g curve is for case when inductances; of alternator is half total inductance. 


18Q. 200" 
S 


R.M.S. values, Power, Power Factor. 
R.M.S. 1=0-59L/pL 
R.M.S. v=0-85H 
R.M.S. voltage on actual condenser=0-85pH= V4, say. 


oi? 
Energy per spark =—— Sp°L 
E? 
Power = 
l6nL 


where n= p/(27)=frequency of supply. 
Power also =nCV,? 


Power 
Power factor=————_——————— = 0-78 
(R.M.S. v)(R.M.S. 4) 


Power factor at non-inductive network 
Po 
ne 2 ios es aed a BBS — 0.94 
(R.M.S. e) (R.M.S. 4) 
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WAVES ON WIRES. 


Dimensions of Transformer. 


Since maximum voltage of condenser is 47pH, it is }m times the 
secondary terminal voltage if the load were not oscillatory. And, 
since transformers are commercially specified and designed according 
to the R.M.S. amperes and terminal volts appropriate to sinoidal 
working, the transformer for a wireless telegraph plant may be 


specified for a terminal voltage E/W/2, and its insulation must be 
designed 37 times as great as normal. 
Numerical Example. 


Take a 10.kW spark set with a note of 600 per second (n=300), 
working on a wave-length of 600 metres. 


Condenser capacity 0:06 uF. 
Power=nC V ,? 
V=23,500 volts (at spark). 
Suppose the supply voltage 500, so that = 5001/2. 
Then dap 7 = 23,500 
and p=21-2 


The equation Power=0-94 (R.M.S. e) (R.M.S.7) gives 
R.M.S. +=21-3 amperes. 


RE? 
Again, Power=7—> 
oth, ah l6nL 
gives L=0-0104 henry. 


The transformer must be specified as for 500 to (500 x 21-2)— 
i.e., 500 to 10,600 volts. The primary terminal voltage will be 
0-85£=600 volts, and the power factor there will be 0-78. 


(L. B. Turner, The Electrician, p. 696, Vol. LXIX.) 


WAVES ON WIRES. 


For many calculations it is convenient to conceive the wire as the 
inner conductor of a cylindrical condenser, and to regard the capacity, 
resistance and inductance of the wire as distributed uniformly along. 
it. Let these quantities be c, r and / in consistent units per centi- 
metre. For most practical purposes the velocity wu along the wire 
of waves of frequency p/2m per second is given by 


2 


~~ Te(p? +b) 
where b=r/2l 
Thus the velocity is different for different frequencies. 

If, however, the resistance is negligible, as is nearly always the 
case for the degree of approximation required in applications of 
the formule below, this equation for the velocity becomes 

u?= I fle 
This velocity is the same as that of free electric waves, viz., 3 x 1018 
centimetres per second, if the resistance and the penetration of the 
current into the wire is very small—that is, if the conductivity is 


U 


_ very great. 
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STaTIONARY WAVES. 

When two infinite wave trains of equal amplitude and frequency 
are travelling in opposite directions along an infinite wire stationary 
waves are setup. In fact, simple harmonic oscillations occur on the 
wire, and at any point the current i is 90 deg. in advance of the 
voltage v. There exist special points at which v does not vary and 
other points at which zis zero. These are called nodes. The voltage 
nodes are spaced at distances equal to the half-wave length, and the 
current nodes are midway between the voltage nodes. The loops, 
or antinodes, are midway between the nodes and are the places of maxi- 
mum excursion in voltage or current. The loops of current coincide 


By 
ate t Fig 
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with the nodes of voltage, and vice versa. These facts are shown in 

Fig. 37. At point P on the wire the voltage is positive and increasing, 

and the current is negative and diminishing in numerical value 
These facts are expressed by the formule 


v= V sin pt sinha 
u 


i=I cos pt cos-x 
u 


where . IVl= VV ; 
and Pr°=2ru=2r/v/ic 
STaTIONARY WAVES ON Finite Wiris. 

If an infinite wire be cut at any two nodes of current, an approm- 
mate representation is obtained of a mode of electrical vibration of 
a finite wire. On a length 2a of wire the following modes of vibra- 


tion are possible :— 
‘ 
ly 


oe oe ee i Haat Lee at 
Few mantra 
Fundamental or bos ghee } os ay hire. 
first partial ee 
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WAVES ON WIRES. 


These results are not exact, because the removal of portions of 
the wire outside the segment chosen, produces alterations of ¢ and J, 
and therefore the velocity of propagation of the waves is slightly 
reduced near the ends of the wire. This change of velocity may be 
allowed for by supposing the ends of the wire extended. Macdonald's 
theoretical end correction indicates that each end should be increased 
by A+19. Experiments and calculations by Rayleigh indicate that 
this correc:ion is more than twice too large. See p, 122 ™ 

In what follows this end correction is neglected in order to keep 
the formule simple. 


“ RQUIVALENT ” CAPACITY AND INDUCTANCE OF A FINITE WIRE. 
The angular velocity p of the fundamental vibration on a wire, 
length 2a, is 
p= 2nu/r=2n/(4arv/le) 


rig ded t 
= 1+(- al.—a° ) 
a vis 


This shows that the angular velocity of the oscillation is the same 
2 
as that of a circuit possessing concentrated inductance =al and con- 
2 
eentrated capacity — 40. These quantities are called the equivalent 


inductance and capacity of the wire at the fundamental! treque ° 


NOTE.—In the above formulecandJ/are the capacity and induc- 
tance per unit length of a wire supposed nearly straight and fol- 
lowing the axis of a cylinder of large diameter. Ifr and 1’ be the 
radii of the wire and the inner surface of the surrounding cylinder, 


C= 1-(2u log. 2) and /=2 log.—, both in c.g.s. electroma =netic 
r r 


‘units. 

In most practical cases the proximity of other objects appears to 
invalidate the formule. In such cases approximate results may be 
obtained by measuring statically the total capacity of the wire in 
position and dividing by the length to getc. Then calculate 1 by the 
formula = 1—(c . 9 x 10°). 


_ Example.—The statical capacity of a wire 280 ft. long passing near 
some buildings was measured as 2,435 electrostatic units. Then 


2,435 
C= 950x305 —-u? electromagnetic c.g.s. units per centimetre (since 
30-5 cm.=—1 ft.) and 
, 280x 30-5 
t=1+-u?=————_-_ c.g... units per centimetre 
2,435 ‘ 


= 3-507 x 10-9 henry per centimetre, 


: . , 22,435 775 ; 
Kquivalent capacity is =( = — e.m. units. 
vis Zu? u? 


9 f 
inductance is =( 140 * 30-51) =9-5 x 108 e.m. units, 
, ? w 

This procedure is equivalent to assuming that the velocity of waves 
on wires is unaffected by the presence of conductors that are not very 
close. 
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Oscillations on Wire with Centrally-placed Capacity and Inductance. 


For symmetry, the concentrated capacity is shown divided between 
two equal condensers, each of capacity C, and the concentrated in- 
ductance is called 2L. (See Fig. 39.) 


| 
| 


Fic. 39. 


Let p/2m be the fundamental frequency per second for the wire ; 
length 2a without the central capacity and inductance, and p’/2m the a 
frequency of the arrangement shown in the figure. 

The possible frequencies are given by the equation 


cot a 

al C8 
where play sia Pek) P 
C22 p 


This equation may be solved approximately by making graphs of 
the left-hand and of the right-hand members and finding the points 
of intersection. 


! 2 2 
When 10=(=al)(=ae), the equation has only one solution—viz., 
7 


7 
p'=p. That is, the frequency of vibration of the compound con- 
ductor is the same as that of the wire alone and that of ZL and C 


aloae. 


OSCILLATIONS ON WIRE WITH CENTRALLY-PLACED. Capacity (Fig. 40). 


For this particular case of the last one we omit the inductance. 
The equation for the “ partial” oscillations, of angular velocity p’, is 


06 
tan 6é=—— ; 


where — Bg P as before. 
2 p 


Fundamental and first partial vibrations are indicated in Figs, 41 


and 42. 
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C : 
When is greater than unity the following approximate solutions 


are useful :— 


4 ac 
Dt ora 
undamenta a p =N +10 a) 
Second partial sie ‘= 3 (+4 cat 
Uh = SEES aE 
: ae eRe ie © aa) 
16 ac 
hird ti 4— 5p | + —— — 
Third partial i) zi aac) 


C . 
When, on the contrary, — is smaller than unity, we have, approxi: 
ac 
mately, for the fundamental, 
C Ne 
palpr lat ( 
ac \ac 
OSCILLATIONS ON WIRE WITH CENTRALLY-PLACED INDUCTANCE. 


For this case we omit the condensers from the general case of 
‘Fig. 33, and have to solve the equation 


6 
cot 6=— 
al 
where =~ P as before. 
2p 


Fundamental and first partial vibrations are shown in Figs. 43 and 
44, The introduction of a coil is almost equivalent to lengthen- 


ing the wire. 


-— 
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L 
When a larger than unity, approximate solutions are : 


} 2 fal 1 al 
Fund tal —— VAC 
Un ee pp ae 6 L 


The (m+1)" partial p'=2p( m+ —— ) 
Morr? 
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L : 
When = is smaller than unity, approximate solutions are: 


L 
Fundamental p= (1 —) : 
Second partial ‘=3 (1 tc Me 
econd partia forego Ca Way 


The formule for higher partials are of a lower order of accuracy 
than the above. 
Nots.—In all the formule of this section p refers to the fundamental 


vibration. Alsosince p’/p=)/\’, most of the equations can be translated 
into wave-lengths formule immediately. (See p. 121.) 


WAVES ON SOLENOIDS. 
Drude’s Investigation. 

The distribution of current and voltage on a straight coil is broadly 
the same as on a straight wire. The theoretical and experimental 
aspects of this difficult subject have been investigated in an elaborate 
manner by P. Drude, who arrived at formule and tables for calculat- 
ing the wave length produced in air by the natural vibration of 
straight solenoids of circular section and uniform pitch wit. free ends. 

Let m be the total number of turns, g the pitch, / the lc. gth of the 
coil, 2r its mean diameter, 7 the length of the wire, d its diameter. 
These quantities are connected by the equations 


h=(m—1)g, l=2arm 
and A=2]l 
where } is a factor given in the table below for various values of h/2r 
and g/d. 

Values of f; \=2fl. 


afd: 3-0 | 20] 10] 08 | 0-7 | 0-3 O-1=h/2r. 
1-09 0-84 |1-00 |1-33 |1-47 11-56 |2-08 | 2-79 
1-24 0-83 |0-97 |1-27 |1-39 [1-46 | 1-91 | 2-57 
2-40) 0-81 | 0-96 | 1-225] 1-34 |1-41 |1-79 | 2-28 


Effect of Material of Core.—The solenoid is supposed above to be 
- without a core. Ifis wound on solid hard rubber / must be increased 
about 8 per cent. for h/2r—6, to 25 per cent. for h/2r=0-1. Wood 
has double this effect. If the core is a hollow cylinder the effect is 
less to an extent depending on the thickness of the dielectric. For 
cardboard tube with h/2r—2, add 2 per cent. to the figures in the 
above table. 


Lffect of Insulation of Wire.—The effect of the wire covering is 
greater the less h/2r. A measurement by Drude shows that for 
h/2r=4-8 with wire d=0-1 cm, a total thickness 0-21 cm of waxed. 
cotton increased f by 1-8 per cent. over its value for the bare wire. 
As another example of the effect of the dielectric, a bare copper coil. 
h=26 cm, 2r=1-5cm, m=100, d=0-l1cm has \=552 cm in air,. 
but A=720cmin petroleum. Theratio, 1-31, isless than 4/x«=1-41. 

Overtones.-—For a solid hard rubber core having A=11-5 cm, 
2r—=2°83 cm, fundalental A=1,542 cm, the first overtone was. 
A,=7932 cm, the second A.=702 om. 
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Oscillations on Solenoid Connected to a Condenser. 

This subject has received little attention. The oscillations op 
a coil with free ends, though in fact dependent on non-uniformly 
distributed capacity and inductance, may be conceived as calculable 
from a fictitious “ self-capacity ” possessed by the coil and localised at 
its ends, and a concentrated inductance which is less than the ordinary 
inductance of the coil. When a condenser is connected to the coil 
these fictitious electrical elements must be supposed to be functions 
uf the frequency or wave-length of the oscillation natural to the 
assemblage. Considerations of this kind led the author to the follow- 
ing approximate cubic equation for this last mentioned wave- 
length :— 

BA3— 3BA(A4? + Ag?) FAYAQ=O 

where A, is the wave length natural to the coil with free ends, d is the 
wave- lanbtl of the coil and condenser combination, and x is tne 
erroneous wave-length calculated by the formula 


y=2rurs/ LC 


Here C is the capacity of the condenser, and ZL is the inductance of 
the coil as ordinarily understood, while w=3 x 10!®. The units being 
a consistent system all wave-lengths are in centimetres. 

For large values of C this equation becomes 


N=HAy? + AQ? 
The last equation may be written— 
A2=:4r2u?2(O+ Co) 0 


where Cy is @ rough value for the “ self-capacity ”’ obtained by 
ignoring its variation with frequency. The equation shown that 
when A? is plotted as ordinates to C as abscissee an approximate 
straight line is obtained which cuts the axis of capacity at the 
point C=C». Certain experimental results published by.G. W. O. 
Howe tend to show that for rough purposes the last equation may be 
used down to small practical values of C. 


APPLICATION TO WAVEMETERS AND OSCILLATORS. 


A wavemeter is a low-resistance circuit containing adjustable 
capacity and inductance, capable of being excited by the oscillatory 
currents under examination, and possessing means for showing when 
‘ the induced current is at a maximum. The capacity is usually 
smoothly adjustable. Sometimes a wavemeter is itself used as an 
oscillator by fitting it with a small spark-gap or with an “ impulsing ” 
arrangement. In any case, the instrument should be calibrated by 
direct comparison with a standard wavemeter before being brought 
into use. But if this calibration is not possible, the wave-length has 
to be calculated from the capacity curve of the variable condenser 
and the low-frequency values of the inductance coils. A correction 
is needed, and this is supplied by the last equation but one.: The 
correction A, is different for different coils or different BorHdHs of a 
coil. It may be estimated with sufficient closeness by aid of Drude’s 
Table on the opposite page ; or, since it is a small correction, it may 
be measured by isolating the coil, sparking it or “ impulsing ” it, and 
measuring A, by aid of a makeshift wavemeter. A convenient way 
of impulsing a coil with free ends is suggested by Fig. 146. 
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ANTENNZ AND EARTHS. 


ANTENNE. 


The antenna, air wire or aerial at a wireless telegraph station may 
have one of a variety of forms :— 

1. The Simple Aerial is a single wire held vertically and passing straight 
to earth or through only a few turns of inductance. It is the primitive 
type of antenna. 

2. The “*L’’ Antenna has a horizontal as well as a vertical part, like 
an inverted L. 


3 The “T’’ Antenna has a long horizontal part with vertical leads 
connected near its middle. 


All the above may be elaborated by using a number of parallel 
~wires instead of a single wire, and then these antenne become— 
_ 4, Multiple Wire Antennze—In the cylindrical or prismatic antenna 
the parallel wires are held in position either by being attached to hoops 


or to spiders of insulating material. Similarly, we may have multiple L 
anten 32 (see Fig. 45) and multiple T antenne. 


; pei = 
About — = 
Gommaens Tansey 
es ; seh \ 
a ae \ 
ae Posy oe & \& Station 
eS a= 3 8 a | 3 
tLe “ a 
On | noes De eae =>! 


Fic. 45.—Mutriets L Antenna at Poipu (1912), 


Under this heading come :— 


The Grid or Harp Antenna. consists of a number of parallel wires all in 
the same nearly vertical plane. It can be supported from a single mast. 


The Fan Antenna has all its wires diverging in one plane When > 
vertical it can be supported from a horizontal triatic between two masts. 


5. The Umbrella Antenna is sufficiently described by its name. The 
wires forming the ribs of the umbrella are each kept taut by stays 
interrupted by strain insulators, which are fastened to the tops of poles 
shorter than the central mast, or to some kind of ground anchor. The 
active wires are all connected to a cable that descends the central mast 
and enters the station. 


6. The Mushroom Antenna is the name sometimes given to an umbrvlla 
antenna of which the ribs are level. 


7. The Double Cone Antenna resembles the umbrella antenna, but the 
active conductors forming the ribs are continued with an inward descend- 
ing slope till they meet near the foot of the mast and enter the station. 


8. The Lodge-Muirhead Antenna has two equal horizontal “ carpets,” 
cach made of wires radiating from a centre, one at considerable heigs 
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DIRECTIVE ANTENNZ. 


and the other near the ground, connected between their centres by a wire 
which usually leads through inductance coils or condensers. This was 
one of the early types of antenna, and suggested the conception of a 
‘‘ capacity earth,” or what is sometimes called an “ electrical counter- 
poise,’ and which may be used for all the other antennz mentioned above. 


9. The Earth Antenna has the horizontal part. of 2 or 3 above, very 
near the ground, or in trenches excavated in the ground. (See p. 134.) 


DIRECTIVE ANTENN. 


All unsymmetrical antennz possess the property of emitting waves 
with different intensities in different azimuths, and of absorbing waves 
arriving from various directions with different degrees of facility. The 
single and multiple L antenna emits most radiation in the direction of 
the line drawn from its insulated end to its earthed end, and absorbs 
energy most freely from waves travelling in the opposite direction. J. 
Zenneck has pointed out that if the earth under the antenna is so bad a 
conductor that the electrical image of the horizontal part of the antenna 
is very imperfect, then the L antenna, when used as a sender, acts as a 
combination of a vertical oscillator AB and a horizontal one BC. Thus 
at the point P in the plane of the antenna (Fig. 46) and in front of it, the 


e Q ep 
C es B 
ill, 
Uy Yy WY 
Fic. 46. 


two oscillators add their effects; at a point Q behind the antenna, also 
well up in the air, the oscillators partially annul each other. There- 
fore, if it could be proved that the waves reaching a distant station 
start in an upward direction and follow a curved trajectory through 
the air, the directive action of the antenna is in part explained. Zenneck 
suggested that the resistance of the ground travelled over by the waves 
might produce the curvature of the trajectory ; but see p. 164. In the 
above theory, if the earth under the antenna were a good conductor the 
negative electrical image of BC would cancel practically all the latter’s 
effect at a distance, which would leave the L antenna in effect a simple 
antenna of height AB. H. M. Macdonald and J. A. Fleming, among 
others, have given formule for the action of the antenna when used as a 
receiver; but the effect of re-radiation appears to have been neglected 
by all investigators. ; 

The T antenna and the earth antenna emit and absorb most freely in 
the direction of their length. (See p. 134.) 


DovuBLE ANTENNA. 


The form of directive antenna most amenable to calculation is the 
double aerial, which was suggested by A. Blondel and by S&S. G. 
Brown before 1899. It consists of two simple vertical aerials 
operated in definite phase relation. Fig. 47 is a plan with the aerials 
at A and B. 

In general, let d be the distance between two vertical antennz 
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A, B (Fig. 47), @ the angle between the line joining the antermnz and 
the line to a distant point 8, x the distance from A to S, a the lead in 
phase of the oscillation in A with respect to that in B, the wave- 
length of the radiation from each antenna, and r the ratio of the 
current amplitude in A to that in B. It can be shown that the 
electromagnetic energy density at S has an amplitude proportional to 


2 Qrd 
T=r?+1+42r cos eu cos 0) 


If we plot U as a function of @ we get the polar diagram of the 
double aerial. The form of the curve depends greatly on the value of 
Qnd/r. If the antenne are close together or the wave-length is big 
Ind) is less than unity. It is not convenient in practice to make it 
much larger than 2 or 3. In any case the values of U lie between 
the extremes (r+1)? and (r—1)?; and the polar curve has maxima 
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in the directions given by (2nd/A) cos $= —a, 2n—a, 4r—a, &c., and 
has minima in the directions given by (27d/d) cos $=2x—a, 3n—a, 
5ar—a, &c. 

If 27d /d is large the polar curve is a wavy line passing to and. fro 
between the circles of radius (r+ 1)? and (r—1)?, r being the ratio of 
the currents in the antenna. The directions of the maxima are not 
at all dependent on this ratio. 

The greatest contrasts between the amounts of energy radiated in 
different directions are obtained when r=1. An important case 
occurs when a=} and d=1), that is to say, when the phases of the 
oscillation in the antenne are in quadrature, and the distance 
between the antenne is a quarter wave-length. In this case 


2Qard 
U=4 cos? (at cos #) 
=4 cos? Ae +cos ~) 
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DIRECTIVE ANTENNAE. 


The following table shows the relative distribution of the energy in 
various azimuths :— 


te ae ee BO" GO 1, 90 ay Lee ca: 180° 
U' | 0 Ol1L 0:38 O-71 0:92 0:99 1-00 


The distribution is symmetrical with respect to the line AB. 


TRIANGULAR ANTENNA. 


The above analysis applies in an approximate manner to the 
triangular antenna in a vertical plane. The two upper ends of 
the sloping sides of the isosceles triangle are supposed to be 
brought near together, but insulated from each other, and the 
lower ends are connected together through the coils and condensers 
used for exciting the oscilla-ions, as shown in Fig. 48. In this case 


Ria. 48.—TRIANGULAB DIRECTIVE ANTENNA. 


d is taken to mean the average distance between the sloping side of 
the triangle and ¢ above must be put 180 deg. The horizontal com- 
ponents of the currents cancel each other’s effect at a distance. 


Loop ANTENNA. 


This usually consists of a more or less rectangular circuit of wire 
held in a vertical plane. The lowest wire may be replaced by the 
earth, and condensers and inductance coils may be inserted in either 
leg of the loop. The above theory holds roughly for this form of 
antenna, the direction of best radiation being that of the plane of the 
loop. L. de Forest used this form at an early date. 


TRIPLE ANTENNA. 


F. Braun has investigated the triple antenna shown in plan in 
fig. 49, Three simple antennz are placed at ABC the corners of an 
equilateral triangle whose sides are 3A in length. When the oscil- 
lations in A, B are in the same phase and cf equal amplitude, and the 
oscillation in C is lagging 90 deg. with twice the amplitude as com- 
pared with A or B, the distribution of radiant energy is as indicated 
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by Fig. 49. In this figure radii vectors drawn in any direction from 
O to the curve represent by their length the intensity of the energy 
radiated in that direction. 


“oa 
Fic. 49.—Dimective TrRIeteE ANTENNA, 


CAPACITY OF AN ANTENNA. 


When the aerial system is of regular geometrical pattern and fairly 
free from the electrical interference of neighbouring conductors, its 
electrostatic capacity can be calculated by aid of certain of the 
formule of p. 54, suitably modified _ 


SINGLE VERTICAL WIRE OR ois ANTENNA, wire length h cm., 
radius r cm., lower end one or two. meties from the ground, 


wh 
C= hfloge 


=0: ‘eam {logio(h/r)—0- 1105} 3 in e.s. units, 
(T'o convert to picofarads multiply by 1-111.) 


SrncLtE HorizontaL Wire, radius rcm., height hem. above 


ground, 
c= 1-2 log, (2h/r) 


= 0-217+~logio(2//r) in e.s. units per cm. (Abac i ie BB. ) 
PARALLEL HorizontaL Wires oF L or T ANTENNA, number of 


wires n} each of radius r cm. and separated by distance d cm., all at 
height h.cm. above ground, 


c=n-~[2 log, {2"h"r(nd)"—1} £46 —1yind/2h)) 
=n X 0-217 {n logy (2h/r) + (n—1)log,,(r/nd) +0-018(n—1)(nd/h)*} 
in e.g. units per centimetre of length of horizcntal portion of antenna. 


CYLINDER (oR “ SavusacGE”’) ANTENNA, number of wires 7, each 
of radius r cm., on cylinder radius @ cm., with axis horizontal at 
height 4 cm. above ground, 


2Qnhn 
een le = +0: 116(n—1)- ay 


(=n xX 0-217 {n logo (2h/a)—logyo (nr/a)+(n—1 y*/(200") 
in e.8. units per centimetre of length of whole antenna. - 
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CAPACITANCE OF AN ANTERNA., 


UMBRELLA OR MusHROoM ANTENNA, 7 ribs, each wire of radius 
r cm, length of each rib 1 cm, height of midpoints of ribs 2 cm, and 
n>3, . 


Onhn 


c=nl~2 log.— 
rien 3 a(n—l)r 


| | =nl X 0-217 {n logyo(2h)—logsr(n—1)r} 
in e.s. units. 


[T'o convert e.s. units to prcofarads (10-22F) multiply by 1-111.] 


~ Tables for calculating capacity of antenne have been given by 
G. W. O. Howe in The Electrician, p. 859, Vol. 73, and p. 870, 
Vol. 75. 


EFFECTIVE OR EQUIVALENT CAPACITANCE OF AN ANTENNA. 


The equivalent capacitance at a given frequency is the electrical 
parameter which gives the quantity of electricity on the antenna at 
any instant by multiplication into the’instantaneous value of the 
potential at'a voltage loop, reckoned from the mean potential there. 
The equivalent capacitance at zero frequency is often called the 
‘* electrostatic capacity” ; it appears as Cy in.the equations of the 
next few pages. The equivalent capacitance C’ at any wave-length 
d’ is given by | . 
Mis C’=C, sin 8/6 


where 6=47A/\’, X being the fundamental wave-length of the 
‘““unloaded’”’ antenna, i.e, the antenna without tuning coil. or 
condenser. The equivalent capacitance at the fundamental wave- 
length \ is 2Co/m (see p. 111). Strictly these results are true only 
for uniform straight wires, but they hold fairly well for ordinary 
antenne. 

The equivalent capacitance C’ at any frequency 2’ is obtained by 


aid of the above formula when C, is known. To determine Cy the 


following three alternative methods are due to the author. 


(1) Connect a condenser with capacitance C>>C, in series with the 
antenna at the current loop, excite the antenna by a buzzer or other- 
wise and measure A’ by a wavemeter. Measure also A, the funda- 
mental wave-length of the unloaded antenna. Then C,=2-5C(A—X’)/X. 

(2) Insert a variable condenser at the current loop and adjust till the 
wave-length \’=0-774A. | Then its capacitance C is equal to C). 

(3) Tune the antenna to signals of known A’ (smaller than \) by aid 
of a condenser at the current loop of observed capacitance C. On 
the left scale of Abac XVIII., p. 124, find the known ratio \’/A and 
read the ratio C/C, on the right scale. Hence calculate C). 


EFFECTIVE OR EQUIVALENT INDUCTANCE OF AN ANTENNA. 


This is defined analogously to effective capacitance. If LZ, be the 
equivalent inductance at zero frequency and L’ that at wave-length 
d’, then 

L’=L,(1—cos 6)/0 
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where 6=37A/N’, A being the fundamental wave-length of the un- 
loaded antenna. The equivalent inductance at the fundamental 
wave-length A is 2L,/zm (see p. 111). 

The equivalent inductance L’ at any wave-length ’ may be 
obtained from Ly, which may be determined by any of the following 
methods (due to the author). 


(1) Connect inductance L<<Z, in series with the antenna at the 
current loop, measure A’, measure also the wave-length when un- 
loaded. Then Z,=LX/(\’—A). 


(2) Insert a variable inductance coil at the current loop and adjust 
till the wave-length is A’=1-84._ Then its inductance L is equal 
to Lp. 


(3) Tune the antenna to signals of known wave-length \’>X by 
aid of a variable coil of observed inductance L in the current loop. 
On the left side of Abac XVII,, p. 124, find the known ratio \’/A and 
on the right scale read the ratio L/L. Hence calculate Ly. 


Note.—The log. dec. of an unloaded antenna at the fundamental 
wave-length is given by the formula 


d=rRy/(Co/Lp) 


Here R may consist wholly or\partly of resistance connected in 
series with the antenna at the current loop, and must be measured at 
the fundamental frequency. If & be sufficiently definitely known— 
it includes the antenna resistance, which is usually not negligible— 
this equation and the equation A=4u/(L,0,) might be used to 
determine Ly and Cy by measurement of A and 5. ‘The results are 
often inaccurate. 


NATURAL WAVE-LENGTH OF AN ANTENNA. 


The natural wave-length of an antenna, with or without coils or 
condensers in circuit, ought to be measured rather than calculated. 
This can be done by exciting oscillations in the antenna by an inter- 
rupter, or buzzer, or an inductorium, and measuring the wave-length 
by a wavemeter. 

The fundamental wave-length of a transmitting antenna tuned by 
a series coil may be approximately determined by measuring its 
length (7.¢., the distance along the aerial wires) from current node to 
current loop, adding the total length of conductor in the coil, and 
multiplying by 4. 

The equations for the wave-length of loaded antenne follow (see 
also p. 109). Here L, C are the inductance and capacitance in- 
serted at the current loop. All lengths are in centimetres, the 
electrical quantities are in consistent units and u=3 x 10% em per 
sec. Note that A=4u/(L,0,), or, when Ly is in e.m. units and C, 
in e.s. units A in cm=4y/ {(Z, in cm) (Cy in cm)}. 


122 


NATURAL WAVE-LENGTH OF AN ANTENNA. 
ANTENNA WITHOUT CorL OR CONDENSER. 


A single wire length / held vertically with its lower end connected 
‘directly to earth is seen by inspection of Fig. 50 to have a fundamental 
wave-length 41 and a first overtone 4]. _The-second overtone is 4], 

H. M. Macdonald’s correction modifies these rough results, making 


‘tne fundamental 5-06/. A closer working approximation may be 
stated: = - 


End correction =d=83 


“Fic. 50.—UNLOADED ANTENNA. FUNDAMENTAL AND FIRst OVERTONE. 


At the instant of time represented in the diagram the current has passed its maximum, 
‘the voltage has not yet reached it. In the fundamental vibration the current is upward 
veverywhere and falling in value everywhere. The voltage is positive everywhere and 
vrising in value. 


‘Thus for the 

Fundamental or first partial, A=4:201 

First overtone or second partial, A}=1-38] 

Second overtone or third partial, =0-80] 

The imperfect conductivity of the earth, even if other conditions 
are ideal, limits the accuracy of these formule. The end correction 


is neglected in the formule below to avoid complexity. Although 
ithe formule are deduced for a straight single wire, they may be 


applied usefully to antenne of almost any kind, if / be understood to 
mean the length of aerial wire between current node and current loop 
-of the fundamental vibration. 

ANTENNA WITH CoIL. 


The altered wave-length \’ is connected with that of the unloaded 
‘antenna by the equations ; . 


Handbook of Wireless Telegraphy and Telephony (Eccuzs). 
Approximate Solutions ; . 


(igi, 


Fundamental, = on as (1 Ti 2 


The(m+1)th partial, ’ = sae wi ), m>0O 
ait 


ea a 


fundamental, N= r( 1+ =) 


0 


. aN LAs 
Second partial, N’=~(14+-—-—- = 
econd partia = +7. 5 5) 


The general solution is given by Abac XVII. 


ANTENNA WITH CONDENSER. 


In general, 


C w A 
tan he ee Res ~ 
Approximate Solutions : 
(1) C>C. \ 
é 4 C, 
Fundamental, >X =(1-5 ) 
. : ary. 4 Co 
Second partial, N’= ACh a 
: : ee 16 /C, 
Third partial, X =F 1— ino (2) 


Q) C<Co 
Fundamental vapf{i+e (=) 
undamental, \’=4 Coe 


For higher partials use the general equation. 
The general solution is given by Abac XVIIL 


ANTENNA WITH SERIES CoIL AND CONDENSER. 
The possible:modes of free vibration are given by 


cot 6 re Ce’ 0 Pv 

For given values of the electrical constants this equation is easily 
solved graphically. Diagrams illustrating cases of the fundamen‘al 
wave-length appear in Fig. 53. For Abacs see Year Book of? 
Wireless Telegraphy, 1916, p. 806. 

The following special solutions may be noticed: If the free period 
of the coil and condenser when forming a closed circuit by themselves 
is the same as that of the fundamental of the unloaded antenna, then: 
the antenna with coil and condenscr in scries vibrates with the sane . 
period. If further Z and C have by themselves the frequency of any » 
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NAIURAL WAVE-LENGTH OF AN ANTENNA. 


overtone of the unloaded antenna, the combination in series with the 


antenna has the frequency of the overtone. 
trated in Fig. 54. 


These cases are illus- 


‘ 
‘ 
\ 
‘ 
‘ 
\ 
‘ 
‘ 
1 
Ly 
\ 


| 


it 
“Pf 


Fic. 53.—ANTENNA WITH 


Com AND CONDENSER. FUNDAMENTAL 
VIBRATION. 
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Fic. 54.—ANTENNA WITH Com AND CONDENSER. FUNDAMENTAL AND 
First OVERTONE SAME AS IN UNLOADED ANTENNA. 
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If a receiving antenna be tuned to signals of wave-length XA’ by 
ditterent pairs of values of L and C, then when corresponding values. 
of Land 1/C are plotted with L as ordinates a straight line is obtained. 
The gradient of the line is (X’/27rw)? and the intercept on the axis of 
Lis Ly cot 6/0. (Equation p, 124.) From the experimental curve 
and a graph of cot 6/8, the natural wave-length X of the antenna 
and the wave-length )’ of the signals, can both be determined. 


Approximate Solution for the case \’> >) is 


KEG 
N=27 EE: 
A/ C+) 
er LC : 
os NS ‘Gace: 


This approximate solution indicates that the capacity of the 
antenna may be treated as.a concentrated capacity if the antenna is 
loaded to a much greater wave-length than that natural when un- 
loaded. 


. RADIATION FROM ANTENNZ.. 
Formulz. (See p. 79.) 
Radiation of Energy from Vertical Wire. 
Height of wire above surface of earth hem. Wave-length d em. 
Energy emission per second by sustained oscillations 


h2 
=320 — J? watts 
eae 
h2 
=640 — A? watts, 
2 ; 
/ being the maximum antenna current near the earth connection, . 
A the effective current in amperes. (Abraham.) 
These formule may be obtained by putting in the dipole formula 
of p. 79, 
1=0:900A 
This is called the “ effective length ” of the simple antenna. 


my 


he effective length of the vertical antenna with long tuning coil is 
1=0-707h 
where A is the height of antenna. 
For the Umbrella Antenna, 

[=1-414h (Riidenberg.) 
where h is the distance from the ground to the middle of the ribs of the 
umbrella. | 

These lengths must be substituted in the dipole formula of Hertz. 
Radiation resistance in ohms is the coefficient of A? in the above 
results for mean energy rate. Thus 


[2 
Radiation resistance of dipole = 790 - ohm 
/ 
2 
os simple antenna pee ohm 
os a vertical antenna with tuning coil 


2 
=395— ohm 
x2 


, h? 
a » umbrella antenna=1,580 Xs ohm 
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RADIATION FROM ANTENN4.. 
EFFECTIVE HEIGHT OF ANTENNA. 


In the preceding formule for the effective length of antenne the 
height h is measured from the current !oop of the antenna. usually 
supposed to be at the earth connaction. The height so measured is 
called the “ effective height.” Since the electrical image formed by 
ordinary ground is more or less imperfect, the current loop is cis- 
placed upwards and the effective height is therefore less than it 
would be over a perfectly conducting earth. 


Ship’s Antenna as Hertzian Oscillator. 

L. W. Austin compared some short-range measurements with 
Hertz’s deductions. Considering the antenna as forming half the 
oscillator, the lower half of which may be imagined to be below the 
surface of the sea, J will be equal to 2h, where h is the height to the 
centre of capacity of the antenna. But, since the lower half of the 
antenna contributes nothing to the radiation, the Hertzian oscillator 
which would radiate the same amount of energy as the antenna woul 1 
be 1/2 xh long. In this case mere height does not fully determine the 
value of J, since the wireless room is some 30 ft. above the water and 
enclosed in the steel hull, which is at approximately zero potential. 
Then, too, the exact height of the centre of capacity of the antenna 
system is a matter of some uncertainty. Since the lines of electric 
force to a large extent come down to the water and not to the hull, 
it is probable that the point where the antenna leaves the hull at 
the wireless room is somewhat too high to be taken as the centre of 
the oscillator. On the other hand, the centre of capacity of the 
antenna is certainly lower than the level of the flat top antenna. 
As a probable approximation, the height from the wireless room 
to the antenna top, 29-2 metres, has been taken as the value of A. 
Then J=41:3 metres, 11,000 metres, and the average sending 
current of the two ships A=30 amperes. Then, in c.g.s. units. we 
have for the electric field at a point in the equatorial plane oi the 


oscillator, 


LA 
F=2n-- rp 4 1910 
De 


where Jis the length of the oscillator, \ the wave-length, 4 the current 
(R.M.S.) and z the distance from the oscillator. _ 
. F=2-34 x 105 ¢.g.s.= 2-34 x 10-3 volt per centimetre, at a. 
distance of 1 km. 
The receiving voltage on the antenna will be 
Fh—2-34 x 10-3 x 2-92 x 10?=6-83 volts. 

The resistance of the receiving antenna was approximately 

25 ohms ; thus 


6-83 
Calculated received current= pe 0-27 ampere. 
5 


The corresponding observed value for the rece ved current was 0-21 
ampere. 

Reception by Umbrella Antennz. 

Some experiments were carried out by D. Darrin on the effects 
produced upon the receiving efficiency by varying the angle of 
inclination of the antenna wires, their length and their number. 
The sending station was about 2,000ft. from the receiving 
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station. The umbrella was 57 ft. high at its centre, and measure. 
ments of received current were carried out as the various elements - 
were varied. It was found that the received current increases as the 
angle between the ribs of the umbrella and the central vertical 


0 0'5 150 425 20 PRES WASH) 
—_ Ratio of length of wires to hzight of tower. 


Constants :—Wave Length=500,metres. No. Wires=6. H=57 ft. 
Aw 


Fic. 55.— VARIATION OF CURRENT WITH LENGTH AND SHAPE OF WIRES. 


increases. Again, as the length of the ribs is varied, the angle and 
the height being kept constant, the efficiency of reception increases 
to a maximum and then decreases. Both these effects are shown in 
Fig. 55. 
50 
4.5 
4:0 


Vd. 
w 
on 


Current = 
Oo Ww 
1 oO 


Constants :—Wave Length=500 metres. H=S7ft. L=140ft. p=74°. 


Fic. 56.—VARIATION OF CURRENT WITH NUMBER OF WIRES. 


- The effect of varying the number of the antenna wires is shown 
in Fig. 56, the length L, and the angle with the vertical 8, the height 
H, and the wave-length being kept constant. . 
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ANTENNA RESISTANCE. 

a general the oscillatory currents in an antenna create oscillatory 
currents of the same frequency in the ground and in all other neigh- 
bouring conductors. The intensity of these currents depends upon 
(1) the geometrical configuration of the aerial wires, (2) the con- 
figuration and position of the ground and other conductors, (3) the 
conductivities of all these, and (4) on the frequency. The last 
named enters because the distribution of high-frequency currents 
within conductors depend: on the frequency (see pp. 51, 74). These 
currents may be called collectively ‘‘ ground currents,” the term 
being intended usually to include the currents induced in the stays, 
the masts, and the neighbouring buildings, in the earth wires, as well 
as in the substance of the earth. 


Ratio R/ky 


0 0:5 1 1:5 2 2°5 3 35 4 45 5 
Ratio A/Apo. 
ig. 57.—VARIATION™ ‘OF RESISTANCE OF ANTENNA WITH WAVE-LENGTH. 


Example of use in calculation’: The natural wave-length of a certain antenna is 
420 metres, and at A=600m its resistance is 21‘Sohms. Find its resistance at A=800m. 
Here A/Ap=600—420=1'43, the corresponding ordinate is 0°37 which =R/Ro.’. Ro= 
21°5—0°37=58'0 ohms, For A= :800, A/Ag=800 +420=1°91, curve gives R/Ro=0°'25 
and .’. R=14'5 ohms at A=800m 


The amount of electrical energy wasted as heat in ground currents 
depends on the four conditions enumerated above. In land stations 
it is nearly always greater than the amount of energy radiated. 
There is also wastage of energy in the wires'of the aerial itself. In 
practice it is scarcely worth while to separate this from the other 
wastage. 

The total wastage of energy in the air wires, in the stays, masts 
and buildings, and in the ground, together with the energy radiated, 
gives when divided by the square ‘of the effective current in the 

antenna, a quantity termed the “ antenna resistance.” 

In practical cases the conditions are usually too coniplicated for 
this effective resistance to be calculated. Even in the simplest ideal 
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case, namely, that of a perfectly conducting straight vertical wire, 
connected to homogeneous earth with a horizontal surface, the 
problem is difficult. In such a case the ground currents are radial 
and symmetrical in intensity round the foot of the wire. Approxi- 
mate theory for this case shows that if R is the antenna resistance, 
in the sense defined above, at any =ave-length A, then 
R,—F | 3Ag(A—Ay) 
Ry ? 

where X, isthe natural fundamental wave length of the antenna and 
R, is the antenna resistance at that wave length. Any units may be 
used in this equation. 

The equation shows that for very low frequencies the resistance is 
R,, the same as for the natural frequency. The minimum resistance 
is 1, and occurs when A= 2A9, i.e.,the wave-length double the natural. 
When A= 3A, the curve is straight and directed through the origin 
and the resistance then is }Ry. These statements are illustrated by 
tke curve in Fig. 57. If resistance be plotted against frequency 
the curve is a parabola. 


Antenna Resistance (Oims). 


r 
pit-=-- --Decrement. 
e-- ——=+Half Deflection 

yi Artificial Antenna 

oe ise tod p28, Cpe Lv oe 


0 £09 1000 1500 2000: 
Wave-length in Meties. 
Fie. 58. 
To summarise :— 
At rA=Ay  R=Ry 
A=; Rk =f, 
r~=2, R=}, aminimum, 
A=3A,, R=}R,, the point of inflexion, with tan- 
gent passing through the origin. __ 
At the wave length 39 at which the antenna resistance is $Ry 
the radiatod energy bears the greatest proportion to that wasted. In 
the design of aerials, therefore, it is a iiseful rule to choose the dimen- 
gion of the antenna so that its natural wave length is about 0-57 of 
the wave length to be radiated. : 
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GENERAL REMARKS ON ANTENNA.. 


This ideal curve is departed from in most practical cases. L. W- 
Austin has given the curves of Fi gs. 58 and 59, plotted from measure- 
ments, Theformer F gure relates to the antenna at theWashington 
Bureau of Standards, and gives results reached by different methods 
of measurement; the second relates to an antenna on a warship. 
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(GENERAL REMARKS ON ANTENNA. 


TRANSMITTING ANTENNA. 


At the sending end the antenna is the wave-maker. When a. 
quantity of electricity, q, is lifted up and down through a distance, h, 
at regular intervals n times per second, the electric and magnetic 
forces at a distance are proportional to g, A and n? jointly. Sines 
the effective antenna current is proportional to q xn, the forces are. 
proportional to the current, the height and the first power of the 
frequency jointly—which agrees with the formule for radiation. 
given above. In practice the frequency is fixed mainly by the range 
which must be worked over; while the maximum aerial voltage is 
fixed by the fact that this voltage must not cause serious lose by 
brush discharge (cee p. 37). If this maximum voltage is used, g 
varies as the effective capacity of the antenna. Hence, ignoring the- 
losses due to ground currents, it is advantageous, when \ and & are- 
fixed, to increase the capacity by increasing the area of the hori- 
zontal portion of the antenna, e.g., by utilising larger and more- 
numerous wires. Increasing the height of a flat (op antcnna (1) in- 
creases the effects at a distance directly ; (2) reduces those effects by 
diminishing the capacity of the horizontal parts of the antenna ; 
but the increase takes p'ace faster than the decrease as the height is. 
raised. It is thus important to aim at holding great areas at great 
heights, and the limiting factor is cost. This argument is based on. 
the assumption that the oscillations are sustaincd, and is altered 
somewhat if darsped trains are concerned. for the reason that in- 
crease of capacity may or may not, according to circumstances, 
diminish the damping, and, therefore, enhance the effects of rese- 
vance at the receiving station. 

When the wave-length in use (X) is nearly equal to that natural to. 
the unloaded antenna, (A), an inerease in the number of wires, though. 
it augments the effective capacity, does not. greatly alter the wave- 
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length; it remains four to five times the length of the aerial wires. 
But when \ is more than twice A, an increase in the number of wires 
involves reduction of the lengthening coil for the wave le~g‘h to be 
constant. The capacity must not be so greatly increased that the 
couping between p.imary and secondary becomes too small. * 

The influence of the capacity of an antenna on the power it will 
dispose of may be illustrated by the Clifden cirenits. According to 
published data, when ’=6x10' cm and Ao-=2°7 X lub om, the 
antenna capacity C=0-045 pF, and the primary capacity Cy=1-75 pe. 
Suppose the whole energy of the charged primary condenser (maxi- 
mum voltage H,) to be given to the antenna. If it were giver 
instantly the equation would be 

30, E p= CL* 


where E is the maximum antenna voltage. As a tact, with small 
coupling, the antenna voltage takes time to build up, and about 
half the energy has been disposed of before the maximum voltage is 
attained. 


‘Therefore, 
10, E~=3CE’, 
E 2U 
ror 3 Fan ef 'Wiiaiieaas 


' Taking the limiting voltage E=100,000 volts, we have H,=2-26 
-x 104. With 300 discharges per second the power is $x 300C,Z,° 
-=135kW. If, now, the aerial capacity were reduced to one-half, 
-the antenna would take only half the power with the same limiting 
-voltage, the primary voltage being, 1-59 x 104 volts. Py 

The limit imposed by wasteful brush discharge from the aenal 
conductors may be raised by covering the wires with insulation, or by. 
increasing their diameter and capping their ends with spheres. It 
has been proposed to increase the diameter of the conductors by 
making them of hemp rope covered with thin copper. 

When continuous oscillations are used instead of damped trains, 
and if the same power is needed, in both cases for the same range 
with the same detector (sze p. 157), the antenna capacity may be 
taken as half (or less) of that needed with damped waves, so far as 
brush discharge is concerned. If, however, the sustained oscilla- 
tions be broken up at the sending end to make a musical note this 
advantage is largely lost. 


RECEIVING ANTENNZ. 


Here different considerations apply. The incoming waves set up 
oscillations, and much of the collected energy is immediately seized 
by. the detector; but some of the energy is re-radiated from the 
antenna and disturbs the approaching wave field. In the case of 
resonance this disturbance results in deflecting the lines of energy 
flow towards the antenna. One effect‘of this is to make the antenna 


appear to collect energy throughout a larger space than it itself 


occupies... Moreover; it is plain that in. order to be a good absorber 
the receiving antenna must also be a good radiator. In practice 
the Joulean wastage in the surrounding ground is usually so great 


- 


that it is well to limit the re-radiation, and to seek rather to transfer — 
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the collected energy somewhat rapidly to the detector. This is 
accomplished by seeking the optimum coupling. Further, in the 
case of damped wave-trains re-radiation is of less importance than 
in the case of continuous waves. Thus, broadly, a receiving antenna 
should not be of great capacity, however good the earth wire system 
may be, and should be relatively smaller when damped waves are 
used than with continuous waves. An efficient receiving aerial 
system to correspond with such an antenna as that of Fig. 45 (p. 116) 
may conveniently eonsist of a couple of thin wires supported one on 
each side of the transmitting wires, and of the same or shorter length. 

Among other electrical considerations influencing the design of 
receiving antenne is that of local atmospheric discharge. The 
natural potential gradient existing in the atmosphere in ordinary 
weather is about 1 volt per centimetre. An insulated antenna 
400 ft. high soon becomes charged to more than 10,000 volts, and 
may begin to spark across small gap3 in series condensers, thus pro- 
ducing X’s. ‘this can be prevented by using a highly inductive: 
shunt to the condenser as a by-pass. But sometimes—e.g., in 
electric storms—the surges of atmospieric potential are too rapid 
and too large to be relieved by the by-pass, and then sparking may 
occur from the antenna to the masts or stays, and p-cduce con-: 
tinuous X’s. Possibly, charged masses of air may discha: ge to the air 
wires in passing. Hence, as arule, it is advisable to keep the antenna 
low rather than high, within limits. On the other hand, the natural 
wave-trains from distant sources, which cause most of the strays 
heard in ordinary weather, are not cut down relatively to signals by 
using low antenne. 


Mountain AERIALS. 


Notwithstanding these difficulties with atmospheric electricity, 
very high antennz have been erected by the Marconi Company for 
long range work at various parts of the world, At Honolulu the 
free end of the receiving antenna is attached to a tower 200 ft. high 
built on the top of a hill of lava 1,200 ft. high, and descends on 
400 ft. masts to a receiving house little above sea level. The lava is: 
so good an iasulator, and drains so rapidly, that the antenna behaves. 
as if supported on a cone of glass 1,400 ft. high. It should receive 
signals and strays from enormous distances, and will collect large 
quantities of electricity from the air. At Towyn, in Wales, there is 
receiving antenna supported on masts each 300 ft. high, the last 
being 1,400 ft. above sea level. Here the rock is probably slate, and 
is, perhaps, not so good an insulator as lava. The Carnarvon 
sending antenna, which is 3,600 ft. long and 500 ft. wide, is carried 
by triatics across four rows of steel masts 400 ft. high at 900 ft. 
apart, to a shoulder of the mountain about 400 ft. high. 

Antenne of ordinary types placed on mountains appear to: possess 
great ranges. In the Samoan Islands an American naval station 
perched on a lava rock about 1,000 ft. high, has received signals at 
night, with a small simple antenna, from ships sailing the Mexican 
coast. The earth consists of a few conductors in shallow. soil, and 
is perhaps virtually a capacity earth. Since the difference: of level 
between the top of the aerial and the earth plate is small, the X’s due 
to local atmospheric electricity will probably cause less trouble >it 
those received from a distance. 
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Experiments on transmission and reception by using wires laid. 
along the ground, ~r parallel with the ground at a short distance from _ 
it, were made in we early days of wireless telegraphy by Marconi, 
ard later by von Sigsfeld and by Garcia; their properties have 
Yeon thoroughly studied in recent years by F. Kiebitz. His 1911 
experiments were carried out at Belzig, and a sending station of 
1kW antenna output was used. Earth plates were put down at 
four points, north, east, south and west of the station building at. 
alistances about 120 metres from it, and other auxiliary earth plates 
’were used -on occasion. The earth plates were thick zine sheets 
‘2 metres by + metre, to which a cable of galvanised iron had been 
-soldered. Each was placed in a hole 4 metres deep in the moist sand, 
‘the hole filled for a depth of 2 metres with coke and then with sand. 
‘The antenne were bare bronze wires 1-5 mm. in diameter supported 
-on wooden poles 1 metre high by porcelain two-shed insulators. 
“While near the building, they were carried underground in ditches 
& metre deep and 60cm. wide, and were insulated with thick gutta- 
percha. The leads to the antennz were brought in through insu- 
tated tubes in the floor. At the outer ends of the antenne Leyden 
tars usually intervened (Fig. 60) between the antennz and the earth 
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plates, or,in some cases, the ends of the antenne were left free and the 
earth plates not used. A tuned secondary circuit was coupled at 8. 

All the long-distance stations in Europe could be picked up, and 
34 was concluded that an earth antenna of 240 metres length is far 
superior to a vertical antenna of 40 metres height. In order to 
receive the trans-Atlantic station at Glace Bay, which transmits 
waves about 6,000 metres long, a special earth antenna was installed 
about 1,270 metres long. Between 6 a.m. and 7 a.m. in September 
the Glace Bay signals were often audible. 

For the sending experiments, a dynamo having a maximum output. 
of 2 kW at 400 to 700 cycles per second was used, driven by a petrol 
engine. Thissupplied a condenser circuit containing a quenched gap, 
after being stepped up by a transformer. The antenna circuit was . 
+he same as for the reception experiments (Fig. 60) and was fairly 
tightly coupled inductively to the primary. With a wave length of 
-850 metres it was immaterial whether the ends of the antenna were 
left free or were connected to earth through the Leyden jars, but 
with the 1,350 metre wave the transmission was better when the 
terrainal condensers were used. In this case the Leyden jars were of 
1,600 cm. capacity, and the distance of easy transmission was about 
230 kilometres (Swinemiinde). 

Many directive reception experiments were carried out, using 
«pparatus of the Bellini-Tosi kind. The earth antenne were found 
to possess strongly marked directive properties. The conclusions 
avere that, to secure good effects, the conditions of fundamental 
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importance are to have as great a length of antenne as possible, and 

to arrange that there be maximum potential at the extreme ends and 

maximum current at the middle. 

_. An advantage of earth antenne is that the current intensities and 
the potentials are, for equal output, very much smaller than those 
occurring in vertical antenne. For example, in working with 
Swinemiinde, the current in the Belzig antenna was only 4 amperes, 
and the maximum potential was such as to give sparks only a few 
millimetres in length. Although the sensibility of these antenn» 
to thunder influences is smaller than that of corresponding vertical 
antenne, yet the strays picked up by earth antennz are very 
numerous and strong—in fact, strays interfere with signals nearly as 
much with these antenne as with the more usual aerials. Z—Thenumber 
and strength of the strays increases with the wave-length to which 
the receiving earth antenna is tuned, just as with vertical antenne. 

Observations between Norddeich and Swinemiinde.—At Norddeich 
in the spring of 1912 two 5-mm diameter phosphor bronze wires 
about 500 metres long were set upon posts about 10 m. high in the 
E.-W. direction approximately. The wires were insulated like tele- 
phone wires by means of double-shed porcelain insulators. The 
outer ends were free (not earthed). These conductors could be 
loaded up to 4 kW antenna energy before any sign of brush discharge 
over the outer shed was observable. The natural wave-length (of 
the one wire vibrating in } wave-length or of both wires vibrating in 
3. wave-length) was less than 2,200 m. It could not be determined 
exactly cwing to the fact that connecting leads, about 10 m_ long, 
leading to the test-room were required. The electrostatic capacity 
of the pair of antenne was about 2,000 cm, the antenna resistance 
30 ohms. The antenns were stretched out quite near the Watten 
Lake and the ground beneath them was sodden with water. A 
similar antenna, identical in all respects, was erected at Swineminde 
near the beach, in an E.-W. direction, and supported on poles 8 m 
high. The water was about 2m deep. The natural wave-length 
was 2,080 m, the electrostatic capacity 2,200 cm, and the antenna 
resistance 25 ohms. 

Experimental messages were exchanged between these two 
antennze, with waves of 2,100 m to 2,250m wave-length. It was, 
however, only rarely that faint signals were observed. Between the 
Danzig coast siation and the Swinemiinde earth antennz (300 km ) 

communication was possible either way, both by day and at night, 
with the wave-length of 2,000 m. 

In the case of reception from far distant mammoth stations it 
was noticed that at Norddeich the Poldhu and Clifden Marconi 
stations could not be heard with the horizontal wires, while at 
Swinemiinde they were easily heard, in spite of this station being 
500 km furthe? away. 

For a short time the effect was tried at Swinemiinde of lowering 
the wires from 8m to4m above the ground. It was then noticed 
that this produced, both for sending and receiving, a very distinct 
diminution of the range. Since the horizontal antenne at Nord- 
deich showed a greater antenna resistance (25 ohms) than the more 
efiective, similar and equal antennz at Swinemiinde (20 ohms), it 
‘faust be concluded that greater absorption occurs in the marshy soil 
of Norddeich than in the sandy soil at Swinemiinde. 
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After this, the antenne at Norddeich were shortened to 250 m, 
and at the same time raised to a mean height of 20 m above ground. 
When these antenne were operated: with 2-5 kW, loud reception at 
Swinemiinde was attained. The signals were also heard at Danzig ; 
signals could also occassionally be sent more than 1,000 km. 
to ships at sea. With these conductors having their ends free the 
carrying power of a single antenna (with earth connection at inner 
end) was as a rule greater than that of a pair of antenne; the 
directive effect of the pair was, however, much greater than that of 
a single antenna. 


EARTHS iv 

The connection to earth of an antenna may be made by means of 
wires and plates in the ground, or, as indicated in 8, p. 116, by a 
“capacity earth” consisting of a network of wires insulated more 
or less perfectly from the ground and connected to the bottom of the 
antenna. A common practice in making conductive earth con- 
nections is to connect the bottom end of the antenna by means of a 
number of radiating wires to a series of metal plates buried with 
their planes vertical at equal distances on a circle drawn round the 
operating house. An allowance of about 10 sq. metres of metal per 
kilowatt of primary power is usual. From this circle, extension earth 
wires are laid just beneath the soil in a. symmetrical or unsym- 
metrical manner, according to the type of antenna. 

As a broad rule, the extension wires should run underneath the 
antenna, but should extend farther in every direction. The intro- 
duction of these wires reduces greatly the resistance of an antenna by 
providing gocd conducting paths for the currents that are necessarily 
induced in the ground, if itis appreciably conducting, by the currents 
in the antenna. By a liberal use of copper the resistance of even a 
large antenne can be brought down to below 5 ohms. On occasion 
the introduction of earth wires near the surface may, however, 
weaken the signals transmitted to a distance by reducing the effective 
height of the antenna. This may happen, for instance, if the ground 
under the station consists of a depth of several yards of dry sand 
overlying ground water, in which case it is better to sink a well and 
bury a single large earth plate below the ground water level—a 
method tried with success in the Sahara, and used on occasion with 
antenne laid directly on the sand. 

The resistance of an antenna employing a capacity eartn 1s also 
reduced if earth wires aze laid on or in the ground beneath it. Ona 
surface of rock the earth system, even if kept in the closest possible 
contact with the rock, constitutes practically the lower carpet of a 
Lodge-Muirhead antenna. 

A ship’s antenna is earthed by connecting,1ts lower end to tne null 
of the vessel. An estimate of the superiority of the “‘ earthing ” of" 
the antenna of a ship as compared with that of an antenna. on land 
may be formed by glancing at the curves of antenna resistance given 
above for both cases. Some of the superiority arises from the 
greater conductivity of the sea-water ; it is possible that the antenna 
resistance will vary as a ship moves from salt-water to fresh-water, 
but no records of such a test are available. 

-For informaticn on the penetration of high-frequency currents 
into the earth or sea, see p. 51. 
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MASTS AND TOWERS. 


For temporary and experimental work kites and balloons have. 
frequently been used; by such means simple antenne a mile or 
more high may be realised. But for permanent stations masts or 
towers must be erected. A mast is a light column that must be 
supported by stays; a tower is a self-supporting column to which 
stays are sometimes attached only for additional security. For the 
constructional details of masts and towers, books on rigging and 
structural engineering must be consulted. 


Wooden Masts. 


The ordinary round masts of the shipbuilder, built up in any of the 
various standard methods, have been widely used in wireless tele- 
graphy up to heights of 200 ft. As an example of the average pro- 
portions, a mast 160 ft. high would have a lower mast 75 ft., a top: 
mast 60 ft., and a top gallant 50 ft. 

Masts built up of planks have frequently been used. A mast 
122 ft. high at Hunstanton was built in a horizontal position of deal 
planks treated with carbolineum. A start was made with five planks 
of lengths varying from 5 ft. to 25 ft. ; five 25 ft. planks, tapering in 
thickness, were added and bolted up at every 18 in., and so on. No. 
two butt joints came at the same level. The lower part was cased 
round by four planks, the upper part by two planks on the exposed 
edges. The mast was 1 ft. square at the base, and was stepped in con- 
crete. There were three sets of four stays. The ground anchors were: 
long bolts through 6 ft. oak baulks buried 6 ft. A mast such as this. 
costs about £1 perfootrun. — 

The wooden masts of the military stations at Metz, Strassburg, 
&c., are 300 ft. high, built of larch beams, so as to taper from 2 ft. 8 in. 
square at the base to 12 in. square at the top. The wood is impreg- 
nated with carbolineum. The mast is stepped on a cubical concrete 
block 4 ft. 6 in. on edge. The stays are of steel wire. The total cost. 
of the mast was about £400. 

A more elaborate wooden mast 320 ft. high, erected at Seattle by 
W. Dubilier, is described fully in “‘ The Electrician,” Vol. LXVII.,. 
p. 737, August 18, 1911. 

The Poulsen Companies 1avour woouen iattice masts. A mast 
360 ft. high has a 38 in. square base and 8 in. square top. The mast 
is built on an inclined trestle, and is hoisted with all stays by aid of a. 
high jury mast. C. F. Elwell has erected 3-post lattice masts 606 ft. 
high, whose section is a 6 ft. equilateral triangle throughout. The: 
posts are changed in section at 336 ‘t 


Steel Masts. 


Composite Tubular Masts.—The Marconi Company frequently 
erect tubular masts of a design due to A. Gray, some of them being: 
over 400 ft. high. A mast 253 ft. high is shown in Fig. 61. It has 23 
equal steel sections each 10 ft. long, with a topmast about 42 ft. The © 
steel sections are made of two semi-cylindrical elements with 
machined end and side flanges for bolting up, and form a tube about 
2ft. diameter with flanges protruding about 4in. Successive 
sections have between them diaphragm plates which are themselves 
in two parts (Fig. 62). The foundations include a pair of horizontal. 
steel plates 4 ft. square, bolted together by eight long steel bolts 14 in.. 
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Fie. 61.—Marconr Sectionat Stert Mast, Height, 253 ft, 
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diameter, buried in a concrete cube 8 ft. on edge, which weighs about 
28 tons ; the top plate is flush with the upper surface of the concrete 
when finished, and truly level. To this footplate the two elements of 
the first section of the mast are bolted; they are bolted together by 
their side flanges, a diaphragm plate is laid on the top, and the second 
section bolted on top of this with its plane of divasion perpendicular 
to that of the first section; andsoon. When the mast has to sup- 
port the horizontal pull of triatics the plane of division of the first 
section must be so placed that that of the highest section will coin- 
‘cide with the resultant pull, with that of one set of guys, and with 
that of one diagonal of the foundation block. 

Erection of successive sections is accomplished by aid of a travel- 
ling cage, which, like the topmast, is hoisted step by step as succes- 
sive sections are fixed. The mast is stayed symmetrically in the 
two planes of the diagonals of the foundation block by guys of 24 in. 
flexible galvanised crucible steel wire, interrupted by porcelain strop 
insulators spliced in. The points of 
attachment to the mast are at heights 
100it., 170 ft., 230ft. Thus, three guys 
descend to each of four ground anchors 
placed at about 110ft. from the foot of 
the mast. An anchorage consists of a 
steel V bolted to a steel plate buried in a 
concrete block at least 7 ft. cube, 
weighing approximately 20 tons. The 
topmast is a foot square at its lower 
end, and is wedged into the square holes 
of the upper two diaphragm plates, and 
is supported as well by a fid. The 
erecting cage is sometimes left at the 
top of the steel part of the mast. 


Steel Lattice Masts.—The Telefunken 
Co. favour steel lattice masts, and usu- 
ally erect them with insulating bases. 
The South American stations show 
recent practice (Fig. 64). A simple 
lattice mast 60 metres (196 ft.) high can 
carry an extensive umbrella antenna of 
capacity 11,000e.s. units, natural wave- 
length 1,700 metres. In order to avoid 
the existence of a bending moment in 
the insulation at the foot a hemispheri- 
cal joint is provided ; the vertical posi- 
tion is: maintained by three steel guy 
ropes, attached at a node of lateral 
vibration of the column, with suitable 
ground anchors. The insulating ma- 
terials at the base are usually marble, 
glass’ and porceiain. 

The same company have erected 
many Rendahl masts. <A portable form 
‘ ig. 63.—PorrasBLEe Larrice ..is shown in Fig. 68. It consists of 
Masvt. isosceles triangles bolted to harizontal 
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equilateral triangles, all the members being of steel tube. A60 metre . 
mast weighs only 300 kg. Permanent masts up to 400 ft. high 
have been erected. A strong 300 ft. mast weighs about 5 tons. 
Alllattice structures labour under the disability that corrosion easily 
sets in, unless they are frequently inspected and carefully painted. 


Extensible Masts. 

Telescopic masts have been invented in many forms. Most of 
them suffer from the difficulty of keeping the sliding surfaces clean. 
The “Comet” mast is noteworthy. It consists of a series of welded 
steel tubes of decreasing diameter and thickness sliding one inside 
another. For extending the mast from the closed up position an 
untempered steel band is drawn from a drum on which it is coiled, 
and pushed into the tubes by toothed wheels that gear with perfora- 
tions along the centre line of the band. The drum and the toothed 
wheels are driven from a winch which, like them, is fixed to the base 
‘of the mast. The stays are hoisted with the mast. Masts of from 
40 ft. to 240 ft. are supplied. | 

A type cf extensible mast not telescopic is seen in the ‘“‘ Fontana ” 
mast. It is a four-sided column formed of four flexible steel strips 
whose edges have teeth cut in them (Fig. 65), so that each strip 
interlocks with its neighbours. The strips are prevented from part- 
ing by square rings of sheet steel placed at frequent intervals, which 
are automatically carried up in position as the four strips unwind 
from their drums and meet. The mechanism is easily understood 
from Fig. 66. Full details will be found in “The Electrician,” 
Vol. LXVIL., p. 928, September 22, 1911. 


‘Towers. 

Details of these structures must be sought in works on structural 
engineering. Wooden towers up to 250 ft. high have been erected, 
and steel towers up to 1,600 ft. high have been projected: .The most 
notable radio-telegraphic tower is the Eiffel at Paris... The ‘hori- 
zontal parts of the antenne at Colon and Balboa, Panama, are sus - 
pended between two towers. At each station there are two steel 
towers 300 ft. high and 600 ft. apart. Each tower rests on three 
feet placed at the corners of an equilateral triangle of 60 ft. side. 
The footings are blocks of concrete 9 ft. square in plan, having 
anchor girders, and resting on piles. 


INSULATORS USED IN ANTENNA CONSTRUCTION. 


For general out-of-door purposes the most useful insulators are 
made of well-vitrified porcelain glazed all over. Some of those in 
general use are shown and described below. 


From Messrs. Buller’s list of Link Suspension Insulators (Fig. 67 } 
the following Table of tests is taken :-—. dae 


i ET 


Kilovolts. Le a 
Working | Spray — Dry Mechanical 
| voltage. |, test. test. 
Single insulator ......... hs 10-15, 30 60 1:5 ton. 
TWO IN. SETICS ...-...c0e8. 20—30 60 90 es 
‘Three in series ......... 30—45 90 150 


A single insulator with fittings weighs about 4 Ib. 
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Link Strain Insulators are of practically the same electrical and. 
mechanical strength as the last, and a single insulator with fittings: 
weighs about 5 Ib. 

In both the above insulators the metal parts are interlinked in. 
the porcelain. fe Ke: 

The following Table shows sizes of Strop Insulators (Hig. 69). 
The letters refer to the lengths indicated in the figures. Dimensions 
are in inches :-— 


8.W. rope. | A. | B, |G | D. | E. | F. | Proof strain. 


a ee SS 


Qi and 2} ....| ‘8 # | 543 | 4% 23 1%,.| 4$ | Over 18 tons. 
9-and 1?-::.7} 63 4% 32 1% 1 4 rime KiY aer 
ldand 1}:.:..} 6 aber se 12 8 eye Oars, 
land under .| 5 34 3 14 4 4 ssh? OE a) 


Fic. 70,—FLEexiBLe STRAIN INSULATOR. 


With all the above insulators a breakage of the porcelain does not: 
cause the guy to part. To reduce risk of breakage the grooves in the 
porcelain must be free from lumpiness, and the rope must bed per- 
fectly, so as to spread the stress uniformly. Sometimes the flexible 
wire rope is served with tarline. 


Fic. 71.—BRaADFIELD’s LEADING-IN INSULATOR. 


A strain insulator used by the Marconi Co. is shown in Fig. 70. 
It is formed of the cord used in Palmer tyres, made into.a skein with 
rubber solution, covered with a rubber sheath which is vulcanised 
and covered with bitumastic enamel. This enamel is very flexible, 
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and does not take up the wet. The lashings for keeping the vord 
-close to the eyes are not shown in the figure. The 3 ft. size is 
designed for a working load of 15 cwt. and a breaking load of 30 ewt. ; 
the 5 ft. size for a working load of 30 cwt. and a breaking load of 
60 cwt. 

The Bradfield Leading-in Insulator (Fig. 71), used at sea by the. 
Marconi Co., consists of a stalk of ebonite stiffened by an iron cor 


Fig. 72.—RENDANL STRAIN INSULATOR. 


which serves as a conductor. The ebonite flanges give a long leakage 
path, and the cone keeps the stalk dry. The stalk is passed through 
a stuffing box on the cabin roof or the deck, which is provided with 
asbestos rings and an ebonite core piece. 

For. general work porcelain irsulators of a strain or pin type are 
used as leading-in insulators. 

In the Rendahl strain insulator (Fiy. 72) the upper (or high pres- 
sure) end is an aluminium funnel, which is said to spread the 
electric stress more uniformly along the insulating stalk than would 
otherwise be the case. The stalk is of oiled wood covered by a 
porcelain tube. 


~ -Fia. 73.—Suspension INSULATOR, — 


General Remarks, | 


A. 0. Austin has given an account of some experiments on porce- 
jain insulators of various types. He recommends suspension insu- 
lators of the type illustrated in Fig. 738. It was- found: that 16 
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per cent. of material added in the form of petticoats doubled the 
electrical resistance of the lower surface. This is important because 
a large surface current evaporates water striking the surface, and the 
sediment is somewhat conducting. An insulator intended for heavy 
work is shown in Fig. 74. It is designed for an ultimate strength of 
35,000 Ib. and 110 kV.. In the mechanical design of this type of 
insulator it may be assumed that porcelain has a tensile strength of 
2,500 lb. per square inch, and' that cement has an ultimate shearing 
strength of over 1,600 lb. per square inch, , 


ne; 


In insulating an antenna most attention should be paid to the free 
end of the air-wires, or to supports near the free end, on account of 
the voltage loop that arises there during oscillation. The leading-in 
insulators are the next in importance. As for the insulators used 
for breaking the guys, their electrical character is of secondary 
importance. In fact, there may be some advantage on certain occa- 
sions in using semi-insulating materials for this purpose ; the breaks, 
in fact, need only have such resistance'as will prevent appreciable 
oscillatory current on the guys, while being conducting enough to 
pass atmospheric electricity to earth. 


TENSION AND LENGTH OF SUSPENDED WIRES. 


The catenary of a uniform wire has the equation 


x 
y=o( cosh 1) 
c 


when the axes are taken as in Fig. 75. 


Directrix _ 
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The length of the arc AP is 


5 ay ae TI Sh teed 
esinh - or +/y(y+2c) 


The gradient at P is x 
tan y=sinh 4 


The tension at P is given in the absence of wind, ice, and snow, by 
T=w(y+e) 
where c is the distance of the vertex A above the directrix, and w is the. 
weight per unit length of wire. To allow for wind use R in place of w, 
where R is the resultant of wind thrust (w’) and weight (w) per unit 
length, oS , R=V ww? 

See below for numerical values of w’. To allow for ice add to w (in lb. 
per ft. run) the square of the wire diameter in inches, and multiply w’ by 2. 

In using the above formule in practical calculations, begin by caleu- 
lating the parameter c from the first equation by aid of known values of 
az and y. A graphical method is quickest, unless the approximations 
below will suffice. 

All calculations should be made, in the formule above and in those to 
follow, with lengths supposed measured at the lowest temperature likely 
to be experienced. There is no éllowance in the formule for the elas- 
ticity of the wire. 


Approximate Formule for Flat Ares, dip <%{ span. 
(1) HORIZONTAL SPANS. 
Span a, sag or dip d, length of wire J, weight per unit length w, tension 
at either of the supports 7. First calculate c by the following formula 
(second term is often negligible) :— 


ae :  Naeeelbar a 
are (4; rare ms 


Th l=a+— -=a+- -—7- 
on aryl C2” a3 ae vas 


[errors less than 0-1 per cent. when dip about one-eight span], and 
| T=R(c+d)=Ra?/8d 

where R= V w?+w 

The wind thrust per unit length (w’), reckoned at 20 Ib. per square foot 
of plane surface, is given by w’ in lb. per foot run=diameter of wire in 
inches. For ice, &c., add to w the square of the diameter in inches, and 
double w’. $ 

(2) INCLINED SPANS, slope less than about 45 deg, 

Horizontal distance between ends a, difference of level of ends 6, 
vertical sag at middle of chord d, length of wire J, weight per unit length 
w, tension at the lower support 7’. . 

(a) Wire leaving both supports with downward slope. Calculate c and 
l by formule of case (1) and the tension by the formula 

T=R {e+d(1+2be/a?)} 
See under (1) above for 2. 
(b) Wire leaving one support with upward slope. Calculate c from 


a? b—4d\?)% 
= Bt (S-) J 
Then l=8cd/a + 4a(b—4d)/c 
and T =8c?dR /a* 
Nors.—In some modern antenne the tension in the wires is kept 


approximately constant by means of hanging weights and pulleys. 
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TENSILE STRENGTR IN ANTENNA CONSTRUCTION, 


TENSILE STRENGTH AND DENSITY OF MATERIALS USED IN 
ANTENNA CONSTRUCTION. 


—-. 


Breaking strength! Density rela- 
| (tensile) in Density | :tive to copper 
— thousands of Lb. per c.g.S. (see wire 
square inch. | weights, p. 48). 
PUTTOID GIT yo cctty «tisarans 25 2:67 0:3 
Aluminium bronze, 

EERIE OPAL och lessecs: 85 to 100 7-5 0-84 
[ee Rehan 18 to 42 8:3 to 8-45 0-94 
MOTOS Po sa o'Se'n 20 to 57 8-5 0-95 
Copper, soft ...........2. Can AO 8:9 es 

OMG a od pe ae ele 62 8-91 1-0 

. Delta metal’. ........... 110 8:5 0-95 
Duralumin ............... 45 to 65 2:8 0-31 
Gunmetal iii....0500..0% 30 to 50 8-5 0-95 
Iron, wrought .......... 60 to 90 7:2 to 75 0-84. 
Nickel steel, 10 p.c. Ni 40 to 90 7.9 0-88 

sf a UIP :G. Ni 150 to 280 
Phosphor bronze ...... 80 8-6 0-97 
Scat Gee Ae A oe 90 to 380 7:7 to 7-9 0-89 
Woods :— For above 

LS PB be erage ae Ae ee 14 0-65 to 0-8 |metals used as 

BGR 20 0-8:to 1-2 |wires and stays, 

MOTION Sis... Suck 23 0-8 to 1-0 factors of safety 

j Ohmi Gres sc tee ec all 12 0:7 to 1-1 |range from two 

DOBLE desicads casisbe dh 12 0:4 to 0-7 |to five. 

EOD MA eS tas hon easdiae'ss 14 0-63 


Strength of Ropes, Hawser Laid. 


‘Gey Breaking strength (tons) Weight, 

+ of rope 1 in. circumference. Lb. per fathom. 
Steel (plough) wire ....... 3°25 0-9 
TEOIMWirOrrsiccs. tee veces, 1-3 0-9 
Italian hemp ............... 0-65 to 0-90 0-23 
MEANING SOI, cee ed ess 082k 0-50 to 0-55 0-21 
Russian (or Baltic) ....... 0-40 to 0:50 0-23 
Table of Galvanised Steel Wire Ropes. 
Circumference, inches ......... 1 13 | 2 | 24 3 4 
Breaking load, tons .......00... 2 | 44 | 84 | 133 | 21 | 37 

Noves. | 


Safe working load in pounds :— 

| For hemp ropes =(circ. in inches)? x 100. 

For steel wire ropes =(circ. in inches)? x 1,000. 

A rope of tarred hemp must be.at least three times the circumference of - 
erope of steel to have the same breaking strength. 

Tarred ropes are about 12 per cent. heavier and 2 per cent. weaker than 
white ropes. 

Hemp ropes deteriorate in strength from 20 to 50 per cent. in the course 
of a year; are 30 per cent. weaker wet than dry. 

Steel wire ropes stretch about 0-25 p.c. under quarter breaking load. 

Hemp ”» 99 92 5 p.c. ” ” ” 
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PROPAGATION OF WAVES. 


EXPERIMENTS ON THE PROPAGATION OF SIGNALLING 
WAVES. 


The equations deduced by Hertz for the electric and magnetia 
forces at any distance from his oscillator and in its equatorial plane, 
show that, in the case of a vertical antenna connected at its lower 
end to a perfectly conducting plane, the force will vary inversely as 
the first power of the distance measured along the plane to the point 
of observation. For radiotelegraphic purposes the surface of the 
sea may be regarded as approximating to a perfect conductor, and 
up toa distance of 50 miles as a plane surface. Thus Hertz’s equa- 
tions show that the electric field at any distance less than about 50 
miles from a transmitting antenna, and therefore the current induced 
by the waves in the antenna, will vary inversely as the distance, at 
any rate over the sea. This was experimentally verified by W. 
Duddell and J. E. Taylor in 1905, in some experiments carried out 
between a sending antenna on H.M. telegraph ship ‘‘ Monarch ” and 
a receiving station at Howth, near Dublin. The measuring instru- 
ment used was the thermo-galvanometer. The ship antenna con- 
sisted of four parallel wires suspended from the corners of a square 
16 in. side, was about 110 ft. long, and placed nearly vertically. The 
antenna at Howth was similar, but 156 ft. long. The ship antenna 
was earthed by connecting to the hull and the receiving antenna by 
connecting to wire netting laid on the ground. The current received at 
40 miles was of the order 100 micro-amperes with rather close coupling, 
and 70 micro-amperes with loose coupling, the spark rate beng =U 
per second. In the latter case at 60 miles the received current was 
35 micro-amperes. The current in the sending antenna was about 
2 to 3 amperes. The product of current and distance was always 
fairly accurately constant after the ship had gone well out from the 
land. The difference observed between day and night transmission 
was less than | per cent., if anything. The wave-length used was 
about 200 metres. ¥ 

Similar experiments were carried out on land in France a little 
later by Tissot, over distances up to 40 km., with similar results, 
the bolometer being used. 

The intensity of wireless telegraph signals received at the same 
station from different sending stations varies greatly from day to 
day and even from minute to minute at certain times of day, and 
experiences differ according to geographical position Over a very 
wide expanse of water, like the Pacific Ocean, very great ranges have 
been recorded. In the North Pacific in the winter, at night, a 5 kW 
land station may transmit regularly distances of 1,500 miles to ship 
stations. On the other hand, much greater power than this is 
needed at the same time and season to transmit such a distance with 
any certainty over the Atlantic. The distances accomplished 
between land stations are smaller and more uncertain still. It may 
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be expected that if the structure of the atmosphere is of importance 
in the transmission of signals the convection currents caused by land 
masses and ranges of mountains will tend to make transmission less 
regular than in the central parts of a great ocean. At all stations, 
however, instances of remarkably good signals from great distances 
are occasionally met with. To these exceptional signals the term 
‘‘ freaks” has been applied. It often happens at a particular st ation 
that freak signals are received from one direction, while the signals 
from another direction are weaker than normal. Geographical 
features have a pronounced effect on transmission. P. E. Schwartz- 
haupt has put upon record his, experiences in 1910 of noon and 
midnight signals from the Telefunken station at Norddeich and 
certain other stations during a vayage from the Mediterranean to 
the English Channel. He found that the Alps offered great obstruc- 
tion during the day, but little at night. Similar results were obtained 
with the Spanish mountains. But good signals could be received 
and transmitted at night along the valley of the Rhone and the valley 
of the Garonne. A. Hoyt Taylor found that the Mississippi valley, 
while showing a very wide variation between summer and winter, 
always favoured transmission as. compared with signals received 
simultaneously from other directions. Besides these large scale 
geographical effects must be mentioned the smaller and more obvious 
“ shadows ” caused by hills or mountain ranges very near to the 
sending or the receiving station. These shadows would, of course, 
be avoided by observers undertaking a series of measurements of 
signal strength by care in the choice of the sites of their stations, but 
the freak variations are bound to enter into all Jong-range measure- 
ments. In the measurements about to be described it was found 
that night conditions were as a rule so erratic as to prevent the 
deduction of any law. On the other hand, the day signals have been 
reduced to order with fair accuracy. 


Long Range Measurements. 
EXPERIMENTS BY AMERICAN Navy DEPARTMENT. 


Some quantitative experiments over long distances were super- 
vised in 1909 and 1910 by L. W. Austin on the Atlantic. The sending 
station was at Brant Rock and the receiving stations were cruisers. 
Distances up to 1,000 miles were covered. The Brant Rock 
station (on the shore, about 20 miles south of Boston) has 
a steel tower 420 ft. high and 3 ft. diameter, insulated at the 
base. Four arms 50 ft. long extend horizontally from the top 
of the tower and from the.end of each hang two 300 ft. four-wire 
cylinders pulled outward to an angle. of 45 deg. by guys. The wires 
are connected to the tower at the top to form an umbrella antenna. 
The complete inductance is 0-055 mH and the capacity 00073 pF. 

The best results were obtained when the primary was so loosely 
coupled to the antenna that only one wave was perceptible. The 
primary condensers were of the compressed air type and the spark- 
gap was synchronous rotary. For a wave-length 3;750 metres the 
primary capacity was 0-18 y~F. The generator gave 50-60 kW. at 
500 cycles during the experiments and 1,000 sparks per second... The 
cruisers had flat-topped antenne, length 116 ft., breadth. 40 ft., 
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height. above water 130 ft., with 14 longitudinal wires and 15 cross 
wires. The capacity was 0:0018 ywF, and the inductance 0 038 mH. 
But these dimensions were sometimes varied by adding cages. 

In the measurements of antenna currents at the receiving stations, 
delicate hot-wire instruments or thermo-junctions were used on 
short ranges and the perikon detector with galvanometer for longer 
ranges, but the shunted telephone method was used frequently. 
Wave-lengths of 1,000 and 3,500 metres were used. 

The inverse first power rule was found to hold good up to a distance 
between 100 and 200 miles from Brant Rock. After that the antenna 
current dropped more rapidly according to an exponential and 
inverse first power law. 

On another occasion experiments with flat-topped antenne of 
heights from 30 ft. to 80 ft. and wave-lengths from 1,500 to 4,000 
metres were carried out, to determine the relation between heights 
and received current. These results conjoined with the former gave 
the empirical formula 


L,h,h 
[= 4-25 yy OXP(—0-0015x/ Vr) 
AY 


where /, is the current received, J, the current in the sending antenna, 
h,,h, the heights of the sending and receiving antenne, the wave- 
length and « the distance. The currents are in amperes and the 
lengths in kilometres. The term ~/X in the index was suggested by 
L. Cohen. The formula was tested by Austin for currents from 7 to 
30 amperes, heights from 30 ft., to 130 ft., wave-lengths from 300 to 
3,750 metres, and distances up to 1,000 nautical miles. The 
formula relates only to day conditions, with receiving antenna resis- 
tance 25 (). 


OPTIMUM WAVE-LENGTH. 


ihe fact that there is a best wave-length for transmission over « 
given distance is of great importance. It has long been known to 
wireless telegraph engineers and can be deduced from the Austin- 
Cohen formula. This formula may be written 
cemaal VX 


AX 
where J is the current in amperes in the receiving antenna at the 
distance x kilometres from the sending station, d is the wave length 
of the radiation in kilometres, a has the value 0:0015, and c, like a, is 
@ quantity which does not depend on X or x. This function has its 
maximum value for a given value of x at the value of ) given by | 


4) =a? 

_ and the value of J is then given by 
4c 

a*e2y3 


higess 1 Nga table gives the best wave-lengths \ for various 


z in kilometres ... | 700 | 1,000 | 1,500 | 2,000 | 3,000 | 4,000 
“Nin metres ......... | 275 | 562 | 1,260 | 2,250 | 5,070 | 9,000 
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LATER EXPERIMENTS. 


| Additional experiments were carried out under the direction of the 
| American Navy Department in February-April, 1913, between 
Arlington and the cruiser ‘‘ Salem.” 


5 x 
: E 
te Q 
2 = 
| tS = 
= 8 
s zt S 
Bee GS ely ae 
© 250 500 750 1000 125015001750 1250 1500 1750 2000 2250 2500 2750 3000 
Distance tn Kilometres. Distance in Kilometres. 


| Fias. 76 anp 77.—SIGNaLs FROM “ SALEM ’’ By DAYLIGHT. 


The following account is abstracted from an article by J. L. Hogan 
in the “‘ Electrical World.” 
| The effective height of the Arlington antenna is 450 ft. and that of 
| tie “ Salem ” 130 ft. The wave-length used was 2,000 meters, and 
the average antenna current of the 
“Salem ”’ in transmitting was 23 am- 
peres. The points plotted in Figs. 76 
and 77 represent actual observations 
_ under normal daylight conditions. 


Auditbility Factor. 


3 0 
750 1000 1250 1500 1750 2000 22502500 2500. 2750 3000 3250 3500 3750 4000 42%) 
Distance in Kilometres. Distance tn Kilometres. 
Fias. 78 AND 79.—SIGNALS FROM ARLINGTON BY DAYLIGHT. : 
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In signalling from Arlington to the ship still greater distances were 
covered, as would be expected. Arlington transmitted on a wave- 
length of 3,800 metres, and used an average antenna current of 
110 amperes while shunt measurements were taken. Figs. 78 and 79 
show daylight observations of the signal intensity in terms of audi- 


bility factor as measured on the standard detector. At the extreme . 
distances shunts were taken upon the heterodyne signals only, and 


these measurements, divided by the average amplification. factor, 
4:65, are those shown in the figure. When the “Salem” jlay at 
Gibraltar, 6,400 km. from Arlington, signals from the spark trans-. 
mitter at Arlington were received nightly and had an intensity of 
about 200 times audibility on the heterodyne. If the antenna 


heights 4, habe measured in feet, the distance x in kilometres, the 


received current J,, in microamperes, the sending current J, in am- 
peres,-and the wave-length \ in metres, then --- - ee 


B92 Whe te ee 
~ dvexp. (Q:04742¢/4/2) | we 


With the As used in 1910, L. W. haste found! tha a a re- 


ceived antenna current of 10 microamperes through a resistance of ~ 


_25 ohms (or a power 2:5 x 10-9 watts) gave a just audible le signal. 
In connection with his publication of results he selected 40x 10- 
watts, which gives a signal of 16 times audibility on the above basis 
as that which limited good working distances between the two 
stations. With the 1913 apparatus the unit audibility is got with 
an antenna current of 5 microamperes—.e., an energy. rate about a 


700 


ee dl 2500 3000 ~ “3500 4000 4500 5000 —— 6000 —, 
Distance in Kilometres... —-== === es 
» aoe HIG. | Ae ee FROM BEIARCTCS BY sek gies j ; 
sii Biogen of that. Shee 7 -by Austin. Hence, for this _spesaly 
sensitive: apparatus the equation becomes 


H 


cote tee te a BB Lally ste eee 
a= oS ieas ee es 2. , CES aa 
Az exp. (0- Tee << Se 


This equation gives the theoretical curves plotted in Figs. 16 to 79, 
152 
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EXPERIMENTS ON PROPAGATION;|OF, WAVES. 
For the audibility factor a Hogan used the equation, as previously 
used by Austin, H “ogl 
[7 a=(R-+S8)/8, 


where R is the impedance of the{telephones’to the signal currents 
and S that of the shunt, which, when connected across the terminals 
of the telephone receiver, reduces the signal intensity to unit 
audibility ’—that is, to a state when dots and dashes may just be 
distinguished by the observer. It mayg,be mentioned here that 
Austin defines “ audibility ” by stating that a represents the ratio 
of the actual telephone current to the least audible telephone current 
of the same frequency. ; 

The night observations shown in Fig. 80 are of interest in that trom 
them may be obtained a notion of the minimum absorptions en- 
countered during the test and also of the difference between the 
laws governing night and day transmission of signals. The dotted 
curves are calculated from the a equation for absorptions of 0-0474 
(the normal daylight value), 0-04 and 0-03 respectively. It is seen 
that the dashed curve showing average observed values crosses the 
last two of the dotted curves, and from this it appears that trans- 
mission at night does not follow the same law of absorption as that in 
daytime. 


——— 


EXPERIMENTS ON TRANSMISSION AT NIGHT. 


A preliminary reduction of ‘the author’s measurements on the 
strength of spark signals from commercial stations at various dis- 
tances, carried out on the . acific Ocean in July, 1914, suggest the 
f rmula 7 

LT cm wa 2c—9 000° 2, . 


where the symbols have the meanings given on p. 150. This suggests 
a two-dimensional propagation of energy. On examining the curve 
given by Hogan in Fig. 80, p. 152, the author finds it fits the formula 

Joe e—Fe—0°0002472, 


which tends to support the suggestion Just mentioned. 


Comparison of Are and Spark Radio-Transmission. 

In order to make a comparison of the relative desirability of arc 
and spark transmission under summer conditions, a test was carried 
out between the Arlington station (Va., U.S.A.) and Colon, Panama, 


by L. W. Austin during the months of July and August, 1913. This 


time was chosen for the test on account of the fact that the signals are 


weakest at this period of the year, while at the same time the atmos- 


pheric disturbances are the strongest, so that the test may be con- 
sidered as carried on under the most trying conditions. Forthisworka 
100 kW Poulsen are was available for comparison with the rotary 
gap set of the Arlington station. The regular experiments began on 
July 25th. The distance from Arlington to Colon is 1,780 nautical 
miles. From the formula deduced from the Brant Rock experi- 
ments (see p. 149), the Arlington signals, with a wave-length of 
4,000 metres, should be faintly audible at this distance, using @ 
sensitive crystal detector and an antenna 200 ft. high. . As a matter 
of fact, the signals were just below audibility with ordinary detectors, 
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as is shown from their strength on the more sensitive ticker. This 
fact may be due to the passage of the waves over Cuba, or to other 
conditions of transmission in this portion of the world. 

The reports indicate that the hetercdyne is somewhat more sen- 
sitive than the ticker, but that the difference is not very great. 
With spark signals the note preduced by both is unmusical and 
difficult to distinguish from the atmospherics, and both are inferior 
to a good crystal detector in receiving weak 500-cycle signals through 
continuous atmospherics. With arc signals, however, the case is 
entirely different. Here the slipping contact ticker produces the 
same rustling sound as in the case of the spark, but the heterodyne 
produces a musical note of any pitch found most suitable for reading 
through the disturbances. 

During the greater part of 1915 measurements of signal strength 
were made at the U.S. Naval Radio Station, Darien, Canal Zone, 
using the ultraudion. In a Paper read before the Institute of Radio 
Engineers the following table of ‘résults was given by L. W Austin. 


STATIONS RECEIVED AT DARIEN. 
Audibility taken as proportional to received current ; 
unit audibilitu=1-22 x 10- watt. 


Dis. | Audi- Audi 
oe Saba ale rn | Ay? RR | W (eale.) | bility | %bility 

| km, |@™p. |metr’s.;metr’s.ohms.| watts. |calcu-| ob- 

| ‘ | lated. | served. 


| 


a | a | ee a | pene | ene einsinpeon — —wn 


Arlington .|3,330| 60 | 6,000] 61 | 23-2\6-85x10- | 7,500| 5,000 
Tuckerton. |3,430| 115 | 7,400! 150 | 25-0|1-25~x 10-6 |32,000/| 10,000 
Sayville .../3,520| 140 | 9,400) 100° -o14-0 |1-26 x 10-6 |32,100) 7,500 
San Diego |4,670] 35 | 3,800} 68 | 26-5/1-63x10-* | 1,150} 0-100 
S. Francisco 4,820} 40 | 6,500} 120 | 23-5|4-65x 10-9 | 2,150 0-1,000 


(Federal) © 
Honolulu . 8,500} 60 |10,000| 120 | 13-5/4-16x 10729 580 150 
(Federal) | ) 


Nauen ......9,400/ 150 | 9,400) 150 | 29-0|9-95 10-29 900 | 200 
Hilvese...... 9.180} 149 | 7.400. 160 | 25-0'5-67x 10-29 705 200 
et ee OTe oe eae 


The formula used in column $s 


| _ Iyhol, 6-0015x 
beets bol oa 


In the course of the measurements it was found that the oscillating 
audion responds in proportion to the first power of the current in 
the receiving antenna, though the non-oscillating audion and the 
electrolytic detector give audibilities proportional to the square 
of that current. 


Effect of Weather on Signals. 


R. H. Marriott has exhibited in the form of curves various data of 
local meteorological conditions, and the ranges worked over by 


certain commercial stations of the United Wireless Telegraph Com- 


pany, extending over about a year. All the curves show monthly 
averages of daily records' The curve of maximum ranges (5 p.m 
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WEATHER AND SIGNALS. 


to 1 a.m.) resembles that of dew point and that of temperature. The 
most distinct resemblances are obtained by plotting the reciprocal 
of the monthly average daily maximum ranges (5 p.m. to 1 a.m.), 
and comparing this with the curve of dew point, with that of vapour 
pressure, and with that of temperature. This inverse signal range 
curve leads the dew point and the temperature curve as regards 
phase throughout the year. Mazrriott’s conclusion is that. range 
variations are markedly associated with the presence of water in the 
air; water vapour may possibly have great refracting, reflecting and 
-absorbing effects, especially if the distribution of the vapour is not 
uniform. Besides this, the condensation of moisture on the surface 
of the insulators at the sending and receiving stations may have 
appreciable eifect. 

G. H. Clark has put on record that a lightning storm moving from 

sender to receiver and beyond leaves signals exceptionally clear. 

Some extensive observations have been made by A. Hoyt Taylor, 
of the University of North Dakota. Records were made of a number: 
-of stations heard on the Atlantic coast and the Pacific coast, 
both about 1,200 miles distant, as well as of the signa!s from the 
station at Ann Arbor, 750 miles away. From a large number of 

-observations it was found that a general cloudiness over a wide area 
-during the day was followed by a night of easy transmission. Taylor 
suggests that in the daytime, with a clear sky, the lower atmosphere 
becomes ionised and partially conducting and remains somewhat 
opaque to electric waves during the earlier part of the night, while 
in a day of general cloudiness the lower layers of the atmosphere are 
not electrically opaque. Another suggestion is that after a cloudy 
day the earth’s surface retains more moisture and there is less absorp- 
tion in the earth’s surface the following night. On the other hand, 
-Since a cloudy day may often be followed by a cloudy night, the 
-observations might be taken to show that when the atmosphere is 
generally cloudy, day and night signals are propagated better—an 
effect which might be explained by the known fact that irregularities 
in the state of the ionisation of the atmosphere are less marked when 
there'is much water vapour present. It must also be remembered 
that the max?mum ionisation ever measured in the lower layers of the 
atmosphere could not produce sufficient absorption to diminish signal 
. Strength perceptibly. 

In a more recent. Paper A. Hoyt Taylor analyses further observa- 
tions, which dispose of the suggestion that the state of the ground 
as regards moistness has anything to do with the strength of signals. 
He shows that in a majority of cases low barometer readings and good 

_signals correspond, and vice versa—but this connection, he points 
-out, may arise from the correspondence between cloudiness and low 
. barometer. 
KE. W. Marchant’s observations with a string galvanometer at 
Liverpool on signals from Paris show that when rainy conditions 
- prevail the strengthening of signals as time passes from day to night 

is less marked than on a fine day He also states that the greatest 

increases in strength of signals were observed after the cessation of 
Tain either at the sending or the receiving stations. J. A. Fleming 
has given a curve of the Paris signals as recorded in London on a 
.string galvanometer for comparison with a similar curve obtained 
by Marchant in Liverpool. Fleming’s record show that the least 
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intensity was usually obtained when the sky was cloudy both in. 
London and Paris, whereas Marchant’s record shows that he received,. 
on the contrary, the strongest signals on those occasions. 


Effect on Signals of Time of Day and Season. 

H. Mosler has made measurements with a Perikon detector in 
connection with a slow-moving mirror galvanometer having a sensi- 
bility of 1x 10-9 ampere, with a scale at 1 metre 


The transmitting station was that of Norddeich, which sends official 
matter at regular times. The antenna current from a singing-spark: 


station, with constant wave-length at a distance of about 11 miles, trans- 
mitting with variable power, was used to calibrate the apparatus ; the 
deflection of the galvanometer was directly proportional to the received 
energy. 


The measurements of the Norddeich signals given at 10:30 a.m. to- 


10:45 a.m. and 11:30 p.m. to 11:45 ph. were made during the period 
from February, 1912, till January, 1913. During these tests it was found 
that the strength of current in the daytime was practically constant 
throughout the year, and was independent of the season ; but great 


deviations from the normal were observed at night. At a distance of 


about 248 miles, and with a wave-length of 1,650 metres, the average 
received intensity at night was, in spring and autumn, more than twice 
that observed during the daytime, while in the summer the strength of 


current at night was not, except for certain exceptions, much greater 
than during the day. Usually six or eight measurements were made per 


month. The mean value for these is given in the following table :-— 


Ratio of Intensity by Night to Intensity by Day. 


Poebruary, Talis 20s SIR 2-06 | August (no measurements) —- 

March). seul .a. cto s tide. 2:07 -} Se ptem ber vaniscuss os adeiowe 145 2-14. 
Wroridt: sess is sy.5 sd aga Ansasobe beter 2+ 20.1! October ..0 Pacis <a2nl-besenscesiber 2-82 
MAY. 6 bine ow sep tuersbay spoemete <bean 1-29 1 ANG YVOMDEL, jm --p aden modneeriuaeae 3-15. 
A UTIO 62s cos angen ssbees sep ebele ee as 1-09 | December ............-+2sseeee ee LBP ho 
LLY, sea dis beh ee sane es now gt 22 > DATLULLY occ ptemn Secta ge arate 1-64 


Beside this variation with the time of year, erratic variations of the 


night intensity were sometimes observed. From time to time the energy” 


increased to abnormal values, and fell again to a normal value, often 
increasing again quite suddenly. This phenomenon was chiefly observed 
on starlight nights in the cold season. 

Further tests were carried out with horizontal antenne. Two insu- 


lated wires, each 120 metres long, were laid along the surface of the earth. 
in line with Norddeich station. The received energy was estimated by 


shunted telephone receivers, and an increase of the signals at night (in 
autumn) and the usual sudden variations were observed. The same 
influences found with vertical antennz, seem to afiect horizontal aerials. 


Further observations were made to trace the influence of moonlight - 


on the received signals, but none was detected. 

K. E. F. Schmidt, during experiments at Halle on the Norddeich 
signals (400 km.), found that the day to night signal intensity varied 
from 0-56 to 2-37 when measured by the shunted telephone, but only 
from 1-40 to 1-47 with the barretter. Similar results have been 
obtained by A. Klages and O. Demmler. 

E. W. Marchant confirmed broadly the conclusions of Mosler given 


above, using a string galvanometer, in Liverpool, to measure the - 


strength of signals from the Hiffel Tower. 
The difference between night and day signals is much less with 


long waves than with short, but the observations on the Clifden - 
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SEASON AND SIGNALS. 


signals (X about 7,000 metres) at Brant Rock (2,460 miles) and at 
Arlington (2,840 miles) do not agree with the observations of Marconi 
at Glace Bay that the day sionals are equal to or better than those at 
night. At Brant Rock during the autumn and winter the received 
current from Clifden through 25 ohms resistance was in general 
about 35x 10-6 ampere in the daytime, rising at times to 55 x 10-® 
ampere; while at night the current frequently amounted to more 
than 100 10-§ ampere. In summer the signals were always faint 
and much of the time inaudible in the daytime, varying probably 
between 7 10-§ and 1210-8 ampere. Night signals were much 
louder, no exact measurements being made on them. The observa- 
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Fic. 81.—CoMMUNICATION BETWEEN V.I.M. anv V.I.A. 


Melbourne and Adelaide, distance 410 miles overland. 


The extra scale of ordinates on the left of this figure shows the strength of signal neces- 
sary for working through the atmospheric strengths indicated on the scale. Thus when 
atmospherics are of strength 6, signals should be. of strength 7. 


‘tions on Clifden signals at Arlington agree qualitatively with the 
Brant Rock results. 

In Figs. 81 and 82 are given the results of observations made at 
certain Australian stations about 1913. They are taken from a 
Paper by J. G. Balsillie. They show the effect of changing wave- 
length at various times of day. In the same f figures are shown (on 
a different scale) the average strength of X’s at various hours; the 
correlation between the scale of “signal strength and that of X 
strength is given by the extra scales on the left-hand of each diagram. 
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H. J. Round has given in Fig. 83 the results of observations on. 


signal strength and strays made in 1911 to show the difference. 


between day and night propagation. 
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Melbourne and Brisbane, distance 950 miles overland. 
See note under Fig. 81. 
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. 83 & 84.—AMPLITUDE OF SIGNALS AND STRAYS AT CHELMSFORD. 


gave the maximum voltage across the secondary of the receiving 
transformer, and therefore the ordinates of the curves are pro- 


portional to received current in the antenna. 


The observations 
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Strength of Atmospherics. 


SEASON AND SIGNALS.. 


were made on a T-aerial of average ship size and height erected at 
Chelmsford, and the Clifden antenna current was kept constant, and 
signals were sent at least once every half hour. Similar results were 
obtained on other days. The rise in strength between 10 p.m. and 
11 p.m. was often such that the signal strength, which is proportional 
to the square of the received current, would increase fourfold within 
five minutes. 

A. Hoyt Taylor and A. 8. Blatterman made experiments in 1915 
between Grand Forks and St. Louis, 1,250 km. (780 miles) apart. 
They found, like Balsillie, that the curves of signal strength on a 
time base were not symmetrical about the solar midnight. They 
found waves of 500 m. length superior to 1,500 m. length at night, 
but not in the day-time. Fading and freak effects are more numerous 
on short waves. These measurements were carried out by the 


Microamperes. 
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Strength of§day signals received at Washington. (From the ,‘‘ Proceedings’’ of 
* ; the Institute of Radio Engineers.) 


°= Signal from’ Philadelphia. , 
*= Signal from Norfolk. 


Fig. 85. 


shunted telephone method. They remark that in wet weather, 
when the antenna decrement is high and the energy radiated there- 
fore less, there is improvement in transmission. 

‘L. W. Austin. has given in the curves reproduced in Fig. 85 the 
results of a long series of measurements of strength of signals received 
at Washington frdém Philadelphia (185 km.), and from Norfolk 
(235 km.). The shunted telephone method was used, the wave-length 
was in each case 1,000 m., and the spark rate about 1,000 per second. 
The ordinates are microamperes reduced to 10A of sending antenna, 
current, the abscisse are times. The receiving antenna resistance 
was 68(2. It will be seen that the seasonal variations are different in 
different years. The measurements exhibited no trace of connection 
between rainfall and signal strength. The average rate of energy 
reception. in winter is 6-3 times the value in summer. « 
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Effect of Resistivity of Earth on Propagation Waves. 

The finite conductivity of the materials;forming the earth’s surface 
leads to dissipation of some portion of the energy of electric waves. 
On the other hand, resistivity might cause such deflections of the 
waves as would improve signalling between two points on the earth’s 


Sx 


(1) A=670 metres, e=2, p=106 Qjcc. 
” ” ” p = 107 7 
The arrows show the direction of wave propagation. 


Fic. 86.—-Eiuietic Loci or Enps of Rotating Vectors. (J. Zenneck, 


surface. Assuming a plane surface separating the air and earth and 
a system of plane waves with initially vertical fronts, the appro- 
priate solution of the ordinary equations shows that the finite resis- 
tivity of the earth introduces a forward tilting of the wave front and 


Metres. 


1. 10 102 103 104 105 106 107 108 
Resistivity in ohms per cubic centimetre. 

The electric field of non-divergent waves 670 metres long is reduced to 0-368 of its surface 
value at the depth indicated by the ordinate on the left. (J. Zenneck.) 

Approximate values of resistivity in ohms per cubic centimetre : Sea water 400, fresh 
water 6X 103, earth 105 to 107. For water «=80, for earth and rock x=1 to 3. 

Note.—The penetration is approximately proportional to the square root of the wave 
length. Seep. 51. 


PIG WO. 


a difference of phase in the horizontal and vertical fieids at any fixed 
point in the air or in the earth (Heaviside, Poynting). ‘his is 
indicated by the vector diagrams of Fig. 86, duc to J. Zenneck, 
where the vector CP makes a complete rotation of its ellipse, an 

CQ of its ellipse, in the periodic time of the wave motion. ite 
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PROPAGATION OF WAVES. 


For a system of plane waves with vertical wave fronts, the curves 
of Fig. 88 show the distance to which the waves travel before their 
intensity (as measured by the amplitude of the electric or magnetic 
fields) is reduced to 1/e of the original valve. 
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Resistivity in ohms per cubic centimetre. 
The electric field of non-divergent waves 670 metres long is reduced to 0:368 of its initial. 
value at the distances indicated by the ordinates on the left. (J. Zenneck.) ; 
Approximate values of resistivity in ohms per cubic centimetre: Sea water 400, fresh: 
water 6X 103, earth 105 to 107. For water x =80, for earth and rock x=1 to 3. 
NotE.—The distance is directly proportional to the wave length. 


Fia. 88. 


Ranges of Typical Commercial Spark Stations. 


The data of the following table are based on the requirement that 
messages shall be transmitted successfully even when atmospheric 
conditions are rather bad. In the absence of strays, and whem 


Range in nautical miles. 


Rutile AS, mene’ pate lion Wave- 
Power Over land. length 
required. Over sea. SSeS Pai TUN EL A a Ne (metres). 
Flat. | Hilly. Mountainous. 
100 13 308 igglt His sranee ae 
300 watts. enaaa 6 { 100 95 73 52 1,200 
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ae 280 220 84 BA feats! 300: 
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modern amplifying apparatus is used at the receiving station, much 
greater distances can be covered with ease. L. F. Fuller has re- 
corded that ships in the Pacific Ocean have received. Nauen at 8,600: 
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miles and Tuckerton at 8,000 miles. Signals ‘have been received 
at 3,140 miles through light strays from a 30 kW arc set at San Fran- 
cisco, when the antenna current was 50-60A. A. H. Ginman has 
chronicled the reception in Alaska from stations in Siberia, from 
Honolulu, Darien, Tuckerton, Sayville, Arlington, Key West and, 
occasionally, Hanover. It has been stated that strong signals from 
Honolulu are received almost nightly in the Falkland Isles. 


THE CONSTITUTION OF THE ATMOSPHERE. 


Theories based on the assumption of a perfectly non-conducting 
and uniform atmosphere do not account for the differences between 
day and night propagation and the effects accompanying sunrise 
and sunset. These effects were first observed by Marconi and his 
assistants in their work across the Atlantic (see p. 170), and their 
explanation is to be sought in the variable properties of the atmo- 
sphere. 

STRUCTURE OF THE ATMOSPHERE. 


Meteorologists have established by aid of sounding balloons 
calrying recording instruments that there are two distinct layers — 
“within reach of this apparatus. First, the troposphere, in which 
ithe variation of temperature is great in the vertical direction and 
> relatively small in the horizontal direction, and which reaches from 
: the earth’s surface to a height varying between 7 km. and 13 km. ; 
. second, the stratosphere or isothermal layer, in which there is little 
- or no variation of temperature in the vertical direction, but sensible 
variation from day to day along the horizontal. Above a height 
‘of 2km. up to the isothermal layer the daily temperature range 
vis Jess than 2°C. Clouds and water vapour are confined to the 
‘troposphere. Winds, as distinct from the general movements of 
the air, are perhaps unknown in the stratosphere. Humphreys 
and Gold, have independently suggested that the stratosphere. is 
vertically isothermal because in that region there is equality of the 
absorbed, and the emitted radiation. 

The atmosphere is very different in chemical composition at 
different heights. Wegener has collected many of the earlier facts 
and speculations, and has added some of his:own, and these are 
shown jn the following table :— 


Atmo- 
Height | spheric | Geocor- | Hydro- elim: Nit’o-} Oxy- | Argon, 
(km.) | pressure | onium. gen. gen.| gen. 
|  (mm.,) 
0 | 7€0 0-00058| 0-0033; 0-0005) 78-1] .20-9 | 0-937 
20 | 41-7 0 0 0 85 15 0 
40 1-92 0 1 0 88 10 
60 0-106 5 12 1 77 6 
80 0:0192 |19 55 4 21 1 
100 0-0128 (29 67 4 0 0 
120 0-0106 /32 65 3 1 
140 0-00800 |36 62 2 
200 0-00581 |50 50 1 
300 0-00329 |71 29 ope: 
400 0 -00221 |85 15 ‘ | 
500 0-00162 93 7 aa 


ATMOSPHERIC ELECTRICITY: 


_ Some support is lent to this speculation by spectroscopic observa- 
tion of the aurora and-of meteoric displays. Stormer does not admit 
the existence of ‘“‘ geocoronium” (a gas one-fifth the density of 
hydrogen), and states that above 100 km. there are only mere traces 
of the light gases. Using a base of 4} km. with telephonic com- 
munication, Stérmer and his assistant found that the aurora occupies 
a region between 36km. and 460 km. high. He concludes also 

‘that the ionising effects of the cathode rays from the sun extend 
no lower than the 100 km. level. More recent results indicate that 
the aurora is practically limited to layers between 80 km. and 


150 km. high. 


ATMOSPHERIC ELECTRICITY. 


F The electrical constitution of the atmosphere is important in 
wireless telegraphy. The atmosphere contains a distributed positive 
charge which, as a whole, approximately equals the permanent 
negative charge of the earth. The presence of charged ions at all 
levels makes the air conductive, the conductivity at the surface 
being about 3x 10-4 e.s.u., at 1,000 metres about 7 x 10-4 e.s.u., and 
at 9,000 metres about 410-3 e.s.u. In the upper regions of the 
atmosphere the great attenuation of the gases should enormously 
enhance the conductivity, because the negative ions should take the 
form of electrons in greater and greater proportion, and the free 
paths are greater. The vertical potential gradient averages +100 
volts per metre at the earth’s surface, +50 volts per metre at 
1,000 meters, and 3 volts per metre at 9,000 metres (Wigand). 
There is a vertical conduction current of apparently constant 
density at all levels, which is great enough to make the earth’s 
charge to fall to one-tenth of its initial value in 10 minutes unless 
the negative electricity be supplied in some way at present unknown, 
‘according to W. F. G. Swann. 

E. H. Nichols has shown that at ground level the positive charge 
and the negative charge per cubic centimetre, as well as the air- 
earth current and the conductivity, gradually.decrease about 20 per 
cent. in the half-hour about sunset at all seasons. The sunrise 
charge is more gradual. The potential gradient shows a marked 
rise both at sunrise and sunset in winter. The same observer shows 
that the positive charge is a maximum about 11 a.m, and the con- 
ductivity a maximum at 2p.m. The potential gradient has a 
minimum in the afternoon. 

Some measurements by Makower and others in England, in 1910, 
show that at 3,000 ft. high the potential is 40,000 volts above 
that of the earth on the average. A current of the order of 
one-tenth of a milliampere could be collected from, a kite on some 
occasions. 

The agencies probably producing ionisation of the atmosphere are:— 

1. Cathode rays or other corpuscles from, the sun, as emphasised 
by J. A. Fleming and others. . 

2. Cosmic dust entering the atmosphere at high speed. 

3. Ultra-violet light of wave-length less than 135 x 10-° metres, 
according to Hughes, especially the Schumann rays. 

4, Radio-active constituents of the earth’s crust. 

Kolhorster found in June, 1914, the following figures for the 
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penetrating radiation as measured inside a metal box carried in @ 
balloon to different heights :— 


h 0 1 2 3 4 5 6 7 8 9 
gq 0°15 * 12 43° 9:3. 917-27 26-72 442 OP Se oe 


Here h is the height in km. from the ground, and q is the number 
of pairs of ions generated per second in a cubic cm. inside the box in 
excess of the number at the ground level. The inference is that a 
very penetrating radiation exists in the upper atmosphere. The 
decrease in the first km. is due to the cutting off by absorption of 
the radiation from the radio active constituer.ts of the earth’s crust. 
G. C. Simpson has called attention to and supported Linke’s con- 
clusion that there is a layer of strongly rad‘o-active cosmical dust 
in the stratosphere. In support of this it is claimed, that (a) well- 
known twilight phenomena and their opt-cal effect indicate the 
presence of dust, (5) the inversion of temperature in the strato- 
sphere makes it difficult for dust to fall into the troposphere, (c) the 


comet of May, 1910, left such dust in the atmosphere and led to an 


observation of a sudden increase in penetrating radiation. 

J. A. Fleming has suggested that perhaps the non-valent gases neon 
and krypton, ate, in accordance with Collie’s laboratory experi- 
ments, manufactured at great heights by electric discharge occurring 
in the rarefied hydrogen atmosphere, and that by their ease of 
ionisation they contribute to the operation of the ionised layer. 

Against the production of ions must be set the de-ionising pro- 
cesses. Jons of opposite signs are continually re-combining, even 
in the presence of the ionising agencies; and re-combination pro- 
ceeds unhindered when the ionising agency for any reason disappears. 
Electrical discharges, whether visible as lightning or not, bring about 
the combination of ions of opposite sign that have become separated. 
Moreover, the growth of ions in mass by the agglomeration of atoms 
of gas, or by their acting as nuclei for the deposition of water, 
reduces their mobility and puts them out ofaction in certain 
respects. 

In regard to 1 and 3, and also probably in 2, the diurnal rotation 
of the earth may be expected to have marked results. When at 
sunset the rotation of the earth carries a region of the atmosphere: 
out of the sunlight, re-combination of ions must take place on a vast 
scale. Similarly, at sunrise, there will be great formation of ions. 
Thus, in the region of twilight, which forms a great circular belt: 
round the globe, which is inclined to the meridian at an angle 
depending on the season, there is a more or less abrupt change in the 


electrical structure of the atmosphere. This twilight belt is, of . 


course, perpetually revolving round the globe, and may be the seat 
of perpetual electrical discharges. But besides being a source of 
disturbance, it may give rise to screening and reflecting actions, as 
was suggested by the present writer in 1912 in explanation of some 
of the twilight phenomena described below. 

The theory of diurnal magnetic variations which B. Stewart and 
A. Schuster have develozed is that they are due to currents induced 
in masses of conducting air by their motion across the permanent 
magnetic field of the earth; the magnetic field of these currents 
constitutes the observed diurnal changes. Schuster showed that 
tide-like motions of the atmosphere, as indicated by barometric 
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variations, explain the magnetic changes with quite reasonable 
values for the conductivity of the upper air. It is only necessary 
to assume further that the conductivity of the atmosphere varies 
with the solar hour angle. S. Chapman has supported the theory 
powerfully by analysing the tidal effects of the moon on the atmo- 
sphere, and has shown that these tides involve also the sun’s hour 
angle, as would be expected. The observed effects of the lunar 
semi-diurnal variation are shown by Chapman to be well explained 
by supposing that the conductivity of the atmosphere is a maximum 
at noon and has a steady low ‘value, about 3 of the noon maxi- 
mum, during the night, the most rapid rate of change taking place 
near twilight. 


PROPAGATION OF ELECTRIC WAVES IN THE ATMO- 
: SPHERE. 


It should be remarked at the outset that the propagation of 
electric waves is not affected in any way by the electric or magnetic 
fields of the earth, or by variations of these fields. The waves are 
superposed upon and pass through these fields without modification. 
Effects may, however, be produced by changes of the electric in- 
ductivity or of the magnetic permeability, or of the concentra- 
tion or the nature of the ions, from point to point of the gases 
traversed. 

Particular interest attaches to the alteration of the various pro- 
perties enumerated as the distance from the earth’s surface increases. 
For if the alteration is such as to cause the velocity of propagation 
to increase as distance from the earth increases, then a wave-front 
initially vertical will tilt forward as it travels, and thus the waves 
will tend to follow the curvature of the globe; and, on the other 
hand, if the velocity is smaller at greater heights, the wave-front 
will turn upwards as it travels, and the waves will be deflected 
away from the earth. 

Kiebitz has shown that the normal distribution of uncondensed 
water vapour implies alteration of inductivity of the air, which 
deflects the rays towards the earth to a certain small extent. 
The alteration was possibly underestimated by Kiebitz, as F. 
Schwers has recently shown. The work of A. Hoyt Taylor tends to 
show that considerable reflection may occur at the ordinary cloud 
level, which leads to the suggestion that perceptible reflection or 
refraction occurs at the boundary between air containing uncon- 
densed water vapour and air in which the water has become con- 
densed. . . 

Fleming has shown that the reduction of inductivity due to 
reduction of density with increase of height assists the waves to 
follow the curvature of the earth. 

The effect of ions on waves has been much discussed. In this 
connection it must be noticed that the electric field of signal-bearing 
waves is not intense enough to ionise air directly, but gas already 
ionised might have an effect on the propagation of waves through it. 
A. Schuster, in 1887, called attention in another connection to the 
possibility of the upper air being conducting. Thinking of the mag- 
netic effects of electrical currents in the upper air, he wrote: “ As 
there are very likely continuous electrical disturbances going on, 
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such as we observe in aurore and thunderstorms, the regions in. 
which these disturbances take place would act as conductors for any 
additional E.M.F. however small.”” He showed, in 1908, that the. 
d'urnal variations of the magnetic elements could be accounted 
for by supposing the upper layers to have an electrical conductivity 
of the order 108 e.s.u. 


G.. F. Fitzgerald, in 1893, introduced the idea of electric waves . 


propagated in the space between the upper conducting layer of the 
earth’s surface and the conducting shell round the earth, and applied 
a formula of Larmor’s for the fundamental period of a spherical 
condenser to calculate the fundamental periods of the earth’s elec- 
trical vibration if the conducting layer were at various heights— 
e.g., if the layer is 6 miles high the pericd is 0-3 second, 60 miles 
high 0-1 second, while the period of the globe without an atmosphere 
is 0:059 second. 

In 1901 Heaviside suggested that the existence of a conducting 
layer might produce two dimensional divergence for radiotele- 
graphic waves, and so account for the great distances over which 
signals could be transmitted. Both Fitzgerald and Heaviside 
appear to have assumed that the layer of conducting gas was sharply 
defined, and that waves could be reflected from its boundary as if 
from a sheet of metal; but they gave no reason for this assumption. 
Fessenden, in 1907, suggested that banks of ionised air at sea level 
might act as absorbing obstructions, and that long waves were more 
successful than short in transatlantic work because of the relative 
order of magnitude of the banks and the waves. Later A. E. 
Kennelly, arguing that gradually increasing ionisation with increase 
of height should deflect the waves outwards, concluded that an 
upper ionised atmosphere might do nothing but harm. 

In 1912 the present writer showed mathematically that the 
presence of mobile ions in rare air should increase the velocity of 
electric waves appreciably. Hence if, as seems probable, the con- 
centration and the mobility of the ions increase with increase of 
height, electrical waves will be helped by upper ionised layers to 
follow the curvature of the globe, If the relatively unionised layers 
shade very gradually into the highly ionised layers, the trajectory of 
the rays will be slowly bending curves concave downwards ; but if 
the transition is rapid the bending of the rays will be sudden enough 
to be called “‘ reflection.” 

The argument that the velocity of electric waves is greater in 
ionised air than in unionised air may be explained thus: Consider a 
charged molecule in the electric field F of the waves; it experiences 
an alternating mechanical force urging it to and fro. If F is small, 
the direction of the motion is that of F. The motion of the charged 
molecules constitutes an electric convection current proportional to 
the charge and the velocity jointly. Now the velocity produced by 
the force is nearly 90 deg. in phase behind the force. This may be 
seen from the analogous fact that the current produced in a choking 
coil by an alternating voltage is nearly 90 deg. behind the voltage. 
But the true displacement current in a dielectric free from charged 
molecules is proportional to «dF/dt, where « is the inductivity and 
t is time. From this expression, or from the analogy with the 
current produced in a condenser by an alternating voltage, we see 
that this true displacement current is about 90 deg. in front of the 
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voltage in phase. Thus the convective current due to the moving 
ions is opposite that due to x—that is to say, the ions produce in 
effect a reduction of x. This involves an increase of the velocity 
of the waves, since the velocity varies inversely as ,/x. The amount 
of the increase depends on the concentration of the ions, on their mass, 
and also on the frequency of the electric force; i.e, on the wave- 
length of the radiation. 

Group VeLociry.—According to the hypothesis of ionic refrac- 
tion, the air is a dispersive medium in which the velocity of electric 
waves increases with increase of wave-length. In such a medium, 
the group velocity at any frequency will be less than the phase 
velocity; that is to say, the front of a train of waves will advance: 
into an undisturbed region with lower velocity than the speed of. 
propagation of sustained waves. It has been pointed out by the 
present writer that this may be an explanation of the low propaga- 
tion velocity that was discovered during the recent observations 
made by damped wave trains for the determination of the difference: 
of longitude between Paris and Arlington. 


THEORY OF PROPAGATION OF SIGNALS ROUND 
GLOBE. 


If the earth be regarded as a perfectly conducting sphere sur- 
rounded by an infinite non-conducting dielectric of constant per- 
meability and inductivity, the waves due to a source of electrical 
oscillations on or near the surface of the sphere can be followed. 
mathematically. The waves in the dielectric produce electric dis- 
turbances at the surface of the conductor, and the intensity of this 
disturbance at points on the surface has been investigated by 
Poincaré, Rayleigh, Macdonald, Nicholson, March, Rybezynski,. 
Love and others. 

The earliest simple approximate formula for the diffraction to: 
relatively great angular distances over a conducting sphere was 
given by H. Poincaré in 1909. It contains the exponential term. 
exp.(—ax/A3). The value of a was worked out by J. W. Nicholson. 
H. M. Macdonald in 1913 gave new results in a form easily compared. 
with the Austin-Cohen empirical formula, and thus, we may assume, 
with measurements. In the following table the first column con- 
tains the number of sea miles between sender and receiver, and the 
remaining columns contain the ratios of the effect at various dis- 
tances to that at 419 miles. , is the ratio of the electric fields as 
calculated by Macdonald, R&,, is the ratio found from the empirical 
formula, the receiving antenna being supposed to be moved to the 
various distances in turn. 


| a=320 m. | A=625 m. A=1,220 m. | a=2,560 m. | a=5,000 m.. 


a es eee CY eI SU lh Wa ERE 
; Ra Rin | Ra Um Ra Een Re Rm Ra Rin 
SEA as EY A a SR SS Ce a Re, TR SS EN SS AE A ee EE Hoe ae Ee Seo 

419 ] 1 1 1 ] ] 1 1. 1 ] 


536 (0-304 |0-481 | 0-392 |0-554 |0-464 |0-605 |0-537 |0-660 |0-585 |0-693. 
ose 0-128 |0-286 |0-184 |0-349 |0-256 |0-418 |0-315 | 0-467. 

814] ... i --» |0-0764)0-218 |0-128 |0°282 |0-178 |0-336: 
SA) eee ot me A --- |0-°0392/0°148 | 0-0637/0-184 

aye --- |0:0321\0-134 


167 


Handbook of Wireless Telegraphy and Telephony (ECCLES). 


On reference to the table on page 154, wherein observed audi- — 
bility and the audibility calculated by the empirical formula are 
compared, it will be seen that values thus calculated are high, and 
that therefore diffraction may conceivably account fully for daylight 
propagation. 

On a flat perfectly conducting earth, as H. Barkhausen has shown, 
the equations of Hertz lead to the formula 


377 Fin Wehr 
(E+8 1/83)" Re Xe 


where 8, and 4, a-e the decrements of the waves and the receiving 
circuits respectively, f, is the effective resistance of the receiving 
antenna, and the other symbols are as on page 149. A. Sommerfeld 
gave in 1909 a thorough analytical treatment for a flat earth pos- 
sessing some slight resistivity, and showed that slight resistivity 
would increase the range of a sending station. His form of solution 
exhibits the term due to resistivity’ as a small correction. This term 
contains an absorption factor, and has cylindrical divergence. On 
this latter account Sommerfeld called it a wave of surface type. 
Many writers have interpreted the name as indicating a wave travel- 
ling along the surface of the earth. Thus, if, as some have imagined, 
the surface waves could travel and be received by themselves, a 
_ short antenna would be just as good a receiver as a long one in long- 
range telegraphy. The separate physical existence of these surface 
waves is thought to be proved by the fact that low horizontal an- 
tenne (such as earth-antenne) are gocd receivers of signals; but 
such antennz would receive perfectly well if the earth passed over _ 
were infinitely conducting, on the ordinary Hertzian theory. The 
conception of the surface waves is well known in hydrodynamics and 
electricity, and is familiar to electricians in the guise of “* skin effect ” 
in wires. It has been applied to explain certain features of propa- 
gation over the earth by A. Blondel in 1898, E. Lecher in 190], 
K. Uller in 1903, and J. Zenneck in 1907; but Sommerfeld brought it 
into great prominence in 1909. Its main characteristic effect may 
be stated in terms of the field of the waves by saying that the ampli- 
tude falls off along a perpendicular to the earth’s surface, quickly on 
going downwards into the earth, slowly on going upwards into the 
air. Diagrams of the field have been drawn by P. Epstein; they 
show looped lines of force like those made familiar in connection with 
Hertz’s oscillator, but much distorted. 
A. E. H. Love has confirmed Macdonald’s results for a perfectly 
conducting earth, and has solved particular cases of the problem 
of propagation over mn earth possessing uniform resistivity and no 
“atmosphere, Macdonald’s formula may be taken as correctly sum- 
“marising the diffraction theory. Let 6,, 6 be the ‘angular dis- 
“tances in radians of a standard and a variable point near the earth’s 
_surface from a fixed oscillator near the surface, and let r be the ratio _ 
of the electric (or magnetic) fields at these points. Macdonald’s 
‘formula becomes I 


I,= 


‘ . —4 


cos 46 (=3 36, 
sin 46 
for ranges about 1,000 miles with practical wacnlangtin 
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THEORY OF PROPAGATION. 


- “Nicholson’s formula, though perhaps not intended for this range, is 


Ghee 0, P 
r=( ; exp {23-5n74(4,—6)} 


sin 34 


The Austin-Cohen empirical formula may be written 
r=(6,/6) exp {9-6X°#(6,—6)} 

‘We may write the Fuller empirical formula as 
r=(6,/0) exp{28-SrAH6,—6)} 


In all these formule X is to be expressed in kilometres. The 
theoretical formulz are concerned with sustained waves. Fuller's 
formula was obtained from experiments with the are; the Austin- 
Cohen formula from experiments with the spark. 

_ A. E. H. Love shows that the shunted telephone experiments of 
Austin mav be interpreted so as to accord closely with the diffraction 
formula. He shows also that the mathematical work of March and 
of Rybezynski is quite invalid; and, further, that Sommerfeld’s 
resistivity correction, commonly spoken of as the “surface wave” 
term, can add as much as 10 per cent. to the diffraction effect at 
-certain favourable distances and wave-lengths. 

Macdonald has given (in 1916) the general formula for diffraction 
as affected by imperfect conductivity, and computed, at various angu- 
lar distances, the ratio of the amplitude. of the magnetic force when 
the conductivity is that of sea water to the amplitude when con- 

-ductivity is perfect ; these ratios are given in the following table :— 

Angular distance ..... 6° oP 12° 15° 18° 36° 
‘Ratio when \=5 km. . 1-004 1010. 1-015 1-021 1-027 1-061 
‘Ratio when A=2km._ 1-016 1032 1-049 1:065 1-082 1-186 

(36° corresponds to about 4,000 km.) 
‘Thus over very great distances the resistivity correction may amount 
‘to as much as 20 per cent. 
Influence of the Atmosphere. - ¢ 

“Theories based on the assumption of a perfectly non-conducting 
and homogeneous atmosphere, or even on the better approximation 
of an atmosphere in which the permeability and electric inductivity 

_ diminish as distance from the earth’s surface increases, do not account 
for the difference between day and night propagation and the effects 
-accompanying sunrise and sunset. The author in 1911-12 suggested 
-reasons for these phenomena. The reasoning was based on Heavi- 
-gide’s remark (1900) that the attenuated gases of the upper atmo- 
- sphere might provide a highly conducting surface between which and 
-the ground the waves might spread with two-dimensional divergence. 
The author suggested that the propagation might rather be analogous 
to that of sound round a whispering gallery, and showed how this 
-might arise with relatively feeble ionisation, provided that certain 
layers of the upper atmosphere are permanently ionised and fairly 
-sharply defined. Such a condition of affairs possibly exists at night, 
and if so, the long distances covered at night by signals of all wave- 
jengths is explained. Movements or electrical changes in the 
ionised layers may be expected to cause just such variations of signal 
- strength as are actually observed. A recent acoustical investigation 
‘by Rayleigh indicates that the whispering gallery mode of propaga- 
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tion will proceed with great efficiency, under a very moderate- 
gradient.of dispersive power, in a medium arranged in spherical. 
layers so that velocity increases with distance from the centre. 

In the daytime the outstanding phenomenon is that, for propa- 
gation over great distances, long waves are necessary, short waves. 
useless. In the daytime the middle, and even the lower atmosphere 
becomes ionised by the sunlight, and the fact cited suggests that the- 
permanently ionised upper layer of Heaviside is put out of action 
by this ionisation of the layers below it. In the middle atmosphere,. 
according to the theory, ionisation by sunlight has two effects on 
Waves: it increases the absorption and increases the velocity. But 
the ionisation is more intense above than below; hence the upper- 
part of a plane vertical wave front will travel faster than the part 
near the earth, and the wave front will tilt forward and tend to follow 
the curvature of the earth. In other words, the rays from a sending 
station will follow bent trajectories as rifle bullets do. The change 
of velocity produced by ionisation is proportional to the square of the 
wave length of the radiation. Hence the tra‘ectory of short-wave- 
radiation, starting horizontally from a sending station, is little bent. 
and the waves escape into space, while that of long waves is consider-- 

bly bent and may reach the earth again. 

Kstimates made on the basis of such information as is available’ 
show that the trajectory of waves may acquire at the height of 20 
miles the same curvature as the earth under an ionisation gradient 
that implies a conductivity at that height about a million times less: 
than that of sea water. ‘The absorption at this height would then be- 
such as to reduce the electric field of plane waves to 0:37 of the initial’ 
intensity in 6,000 km. 

About sunset and sunrise very remarkable changes take place 
in the strength of signals which have travelled distances of more than 
300 or 400 miles, as was first pointed out by Marconi. There are. 
fluctuations of intensity ranging from many times greater to many~ 
times smaller than the normal intensity. To account for these- 
phenomena the author suggested (in 1912) the following explana- 
tion: Since the ionisation by sunlight will depend on its intensity,. 
the surfaces of equal ionisation drawn round the globe in a still 
atmosphere will be near the earth at places where the sun is on the- 
meridian, and will rise away from the earth at places where the sun 
is rising or setting. The regions in which the change from the day 
level to the night level takes place form a great circular band round. 
the globe. This band is inclined to the meridian in one direction or- 
the other, according to the solstice, and is due north and south at the- 
equinoxes. In any case, the twilight band moves steadily with the- 
sun, and when it comes near to or over a sending or receiving station 
its sloping boundary may conceivably act as a partial reflector, and 
produce that transient strengthening of signals observed on occasion. 
at the trans-Atlantic stations. On the other hand, the same twilight 
band, when it has moved to a position between the communicating: 
stations, is known to act as an obstruction to signals. This may be- 
due to the electrical turmoil caused by the ionisation or recombina-. 
tion of ions which is actively taking place within it. Both these 
effects—strengthening by reflection and scattering by the ionic 
turmoil—should affect long waves much more than short, according: 
to the theory. 
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It may be mentioned that H. Nagaoka has ventured the opinion 
that the difference between night and day propagation arises from 
the difference in the height of the effectively ionised layers in sun- 
light and in darkness; for if signals are to any extent carried by 
rays undergoing several reflections back and forth between earth. 
and sky, these will be more in number when the ionised layer is 
lower andthe loss of energy will be greater. 

From his observations on the connection between weather and 
signals A. Hoyt Taylor concludes that the radiation is divided as. 
follows :— 

“1, A portion reflected from the cloud level and hence not follow- 
ing the inverse square law of divergence, and not heavily absorbed, 
since it travels in a feebly ionised medium. 

“9. A portion entering the middle ionised region and refracted 
back towards the earth according to the theory of Eccles. 

“3, A portion passing through the middle region and partially 
reflected at the upper permanently ionised layer. 

‘“4, A portion which passes out into space and is lost. 

‘Tt is likely that the second portion is of the most importance in 
the daytime, while the vagaries of long-distance nocturnal trans- 
mission are due to combinations at the receiver of the first and third 
portions. Those rapid variations in the strength of signals (‘ swing-. 
ing’) and the slower fluctuations (‘fading ’), so familiar to operators 
in long range work, may well be due to interference effects between 
these two portions.” 

Lee de Forest, from experiments on signals with arc-made waves, 
has suggested the existence of an interference phenomenon on the- 
sole ground that relatively slight alteration of wave-length will, on. 
occasion, make “‘ faded” signals audible again. This has to some 
extent been supported by observations by L. W. Austin. The 
mechanism suggested is, however, very vague, and, the observations 
often have other and more ordinary interpretations than that of 
interference through difference of path. The matter has been dis- 
cussed by E. W. Marchant and by L. V. Fuller in the Proceedings of 
the Institute of Radio Engineers, Dec., 1916. Ina broad sense, of 
course, all the phenomena of propagation, reflection, and refraction, 
are manifestations of the principle of interference. 

The influence on propagation of atmospheri+ ionisation and of its 
diurnal variations has been di:cussed by diigrammatic methods by 
H. M. Dowsett in Pap2rs appearng in the Wireless World. 


PROPAGATION OVER MOUNTAIN RANGES. 


Suppose S and R to beasending and a receiving station, and T the 
_ top of a mountain range. Let X, be the measure of the angle TSR 
in radians, X, that of TRS, x the distance SR, P, the power given to. 
the sending antenna, P, the power received; then the theory of 
diffraction, with appropriate approximate values for the Fresnel 
integrals, gives the formula 


Pox (P,/A%_) exp f 9(22X,X,/a 3}. 
In this formula x must be in the same units as A. 
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SOME FORMULZ FOR PRACTICAL DESIGN. 


The empirical and theoretical formula given in the preceding pages - 
‘suggest the following formule for the power P, required to transmit 
messages across any stated distance x in the day-time by spark 
radiotelegraphy. Suppose P, to be ‘the sending power measured at 
the antenna, P, that needed in the receiving antenna for good 
signals, h,, h, to be the heights of the antennz, \ the wave length, 
.and c the circumference of the earth; then 


2 Poyf ra? 2h (2cd 
e ome) . 

The lengths must all be in the same units, and P, in the same units 
-as P,. A practical value for P, is 50x10 ® watt, but this depends 
on the antenna resistance, and on the sensitiveness of the detector. 
Note that 

. c==25,000 statute miles+40,000 km. 


When the signal waves have to pass over high land the mountain 
‘formula combined with the last gives 


_ Ps ae \? “4 22X 4X. 
i xa.) sae lente ( r )f 


The symbols have the meanings defined in this and the last 
‘section. .The formula has proved itself in fair accord with practical 
cesults. 

Elaborate tables connecting range, antenna currents, wave-lengths 
and antenna heights have been given by S. Kimura in The Electrician, 
p. 00, Vol. LXX.; and as this page is going to press a very full dis- 
cussion of the whole problem, by R. Chenevix Trench, is appearing in 
The Electrician, p. 102, Vol. LXXIX. Similar tables and charts have 
been given by J. L. Hogan and by T. M. Libby. The last named 
has tested the American Navy formula and found it accords well 
with experimental records of daylight signalling. This formula is 


OTe hih Ty ( a) 
=—_—_ _ ——_——_ ex as 

AR J(1-+5,/83) JA 
where suffix 1 refers to the sender and suffix 2 to the receiver, R, 


being the equivalent resistance of the receiving antenna and 
apparatus. a 
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THE EFFICIENCY COEFFICIENTS IN WIRELESS TELEGRAPHY.. 


The transformations undergone by the energy supplied to the 
transmitting plant till the time when a minute fraction of it causes 
vibration of the ear-drum of the receiving operator, are very 
numerous and are somewhat different in the different systems of 
radiotelegraphy. The table on pag> 174 gives succinctly a view cf 
the processes that occur in the case of a typical spark station. The 
various steps in the table were discussed in some detail in the first 
edition of this book (pp. 165-173). Of the terms in the table that 
seem to need definition in this edition the first is “‘ Efficiency of 
Propagation.” This is taken as the ratio :— 


Actual mean energy density near receiving station 


Mean energy density in the same region if absorption 
did not occur between the stations. 


Another term is ‘“‘ Resonance Efficiency,” which is the ratio :— 


Energy absorbed from the damped waves during a large number 
of trains 


PERC ee en a 
Energy absorbed trom equal power sine waves in the same time. 


It must be remarked about this definition that the pure sine waves. 
and the damped wave trains must convey on the average the same 
amount of energy per second past the frontal plane of the station. 
It can be shown that the trains of waves from a plain antenna may 
have their amplitude represented by e~”, and from a coupled sender 
by («-™—¢-"¢), where ¢ represents the time and m, n are decay co-. 
efficients. Then, if b be the decay coefficient of the receiving an- 
tenna assemblag2, the resonance efficiency of the continuous wave 
method, the coupled circuit method, and a plain aerial are in the: 
proportion 

b(b-+-m-+n) 
OOo 
(b-+-m)(6-+-n) b+m 


In practice the proportion may attain values 100: 80 : 50. 

The “Efficiency of the Receiving Antenna and its Associated 
Circuits” involves the absorbing and the re-radiating properties of | 
the antenna, the operation of the coupled circuits, and the qualities . 
of the detector. Lookirg at the matter broadly we may regard the 
modern coupled receiving circuits, with their variable coupling,. 
merely ‘as a mode of introducing a detector into the antenna with 
variable energy absorbing ability. There is an optimum coupling, 
when the fraction of detector resistance effectively introduced into 
the antenna is not so great as to spoil the working up of the oscilla- 
tions nor so small as to lose its chance of getting its proper share of 
energy. Much depends, however, on the properties of detectors. 
A detector possessing high resistance must be provided with such a 
resonant circuit that high voltages and correspondingly small 
currents are induced in it, and vice versa. Allowing for this, and 
supposing things arranged at their best, and supposing also that the 
circuits are tuned to the waves and therefore devoid of impedance, 
we may apply the old principle concerning the distribution of elec- 
trical energy as Joulean heat in circuits comprising external (or 
“working ’’) and internal (or “ wasting ”’) resistance, namely, that the - 
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Tabular Summary. 


Energy from mains (alternating current to transformer primary). 
SR re ee ee 


ipuarrar eee of generation | 


of antenna oscillations. | | 


Energy to Losses in Losses Losses Losses 
‘transmitting . windings and in in ~in brush 
antenna. : iron. spark. con- dischargs 

| ductors. in con- 


Radiation efficiency 


of antenna. | | 


i | ; | 
‘Energy in waves Losses in Joulean — Losses 
radiated. currents in losses in in brush 
earth near antenna. antenna. discharge, 


] | 


Exergy in Energy in 
waves in required waves in other 
direction. directions. 


(Efficiency of | | 


propazation. 

Energy in Losses by Losses by ab- 
‘waves reaching absorption in sorption in sur- 
recg. antenna. air. face of earth 

| and sea. 
Resonance l 
efficiency. 
Energy absorbed Losses due to 
by receiving imperfect 
antenna. resonance. 
Wiles eed of antenna | 
and its associated 
receiving circuits. 
Energy delivered Energy lost Joulean losses 
to detector. in re-radiation. in earth and 
| conductors. 
fai pebector efficiency, | 
Energy passed on Losses in detector. 


to telephones. 


Telephone efficiency. Losses in telephones, 


Energy converted into sound of signals. 


By permission of the “ Wireless World.” 
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STRAYS: 


‘working resistance ought to be equal to the wasting resistance for 
‘the former to get the greatest possible share. 

The re-radiation from a receiving antenna while under the in- 
fluence of electric waves acts on the field of approaching waves so 
.as to increase the energy flow from the field to the receiver. Re- 
radiation is, in fact, advantageous to a certain extent, and is indeed 
‘concerned in the general law that a quick radiator is a quick 
absorber. It is worth recalling that Rayleigh has shown that an 
-acoustic resonator placed in a field of uniform plane sound waves 
of its own frequency and of length great compared with its dimen- 
.sions, ultimately picks up energy from an area of wave-front of 
order A?/r. 


If this may be translated into electrical terms, the net absorption 
of waves by a receiving station of extremely low internal resistance 
does not depend on the size of the antenna or on whether it is an 
open or a closed oscillator, 7.¢e., a high straight wire or a frame or- 
coil. This is a consequence of the principle that a quick absorber 

_is a quick radiator, and of the associated phenomenon accompanying 
re-radiation and already mentioned. The ultimate state referred to 
is, however, approached very slowly by a nearly closed oscillator, 
and therefore the decision whether an oscillator should be nearer in 
form to the closed or to the open type, depends on the rate at which 
it is expedient for the detector in use to transform the energy into 
sound. 


STRAYS. 


Maxwell’s theory of the electromagnetic field led him to the dis- 
covery of the possibility of the propagation of electrical effects by 
means of waves in free space. Many eminent investigators eagerly 
scrutinised all imaginable methods of generating or of perceiving 
electric waves, but until these were actually produced and controlled 
in a demonstrable manner by Hertz, a large proportion of physicists 
refused to believe in the possibility of their existence. Meanwhile 


innumerable electric waves, of strengths varying from small to 
great, were running over the surface of the globe in all directions. 
These natural electric waves first came into prominence when wire- 
less telegraphy was emerging from its infancy, and then because they 
produced much disturbance in the reception of messages. They 
caused erratic and confusing marks on the tape of the coherer and 
inker sets in use between 1897 and 1900, and when telephonic 
reception became common they were found to produce a noise so 
violent and continuous that telegraphy was at times impossible. 
For brevity they were christened “ strays” or “ Xs” in the years 
1897 and 1898, and were later given the ‘name “ atmospherics. ” 
Still later they have been called “ parasitic signals” and “ static. 

Since some of the disturbances at receiving stations are due to the 
fact that the antenna collects electricity from the surrounding 
atmosphere like a lightning rod, the best term for all kinds of natural 
disturbances is “Xs.” The word “ strays” ought to be limited to 
the vagabond waves which have travelled from some distance to the 
receiving station. The term “ atmospheric” suggests that all the 
disturbances are due to local atmospheric electricity, which is not the 
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case, and “static”? has the same objection. But all these terms are: 
ased loosely to mean any kind of natural disturbance, whether it 
comes from a distance or is of purely local origin. 

»» The study of these natural electric waves was begun by Popoff 
shortly before the rise of practical wireless telegraphy. In 1895. 
Popoff made use of a long vertical conductor such as a lightning rod. 
in combination with a coherer. In order to follow the motions of 
lightning storms through the atmosphere a filings coherer was used. 
and was automatically tapped back after registering the effect of 
each lightning stroke. In 1898 Boggio Lera improved on Popoff’s. 
apparatus as regards sensitiveness, and arranged that feeble and 
strong disturbances should be recorded separately. His experiments 

' with this apparatus in 1899 showed that the approach of electrical 
storms was heralded by frequent operation of the apparatus several 
hours in advance of their arrival in the locality of the observing 
station. These results were confirmed by Tommasina in -1900, ,; 
using his carbon auto-coherer. In 1901 Fenyi showed that the 
thunderstorms occurring within a radius of 100 km. of: his 
station at Koloska, Hungary, were all recorded by his coherers. _ 
Turpain, in 1903, made a long series of observations that proved the 
possibility of utilising these radiotelegraphic methods in the fore- 
casting of thunder weather for many hours in advance. We may 
remark at this point that the occurrence’ of numerous strays at a 
particular station is not necessarily followed by a thunderstorm in 
the locality, for the storm may pass wide of the station. As a fact, 
there are few days at any wireless telegraph station without its 
burden of strays. Whether some of these are due to distant 
lightning strokes or to extra-terrestria]l causes is a problem as yet ‘ 
unsolved. 


liven when there is no thunder weather recorded over the whole 
continent of Europe and the adjacent seas, Xs may be received 
almost perpetually by a receiving antenna adjusted to a great wave- 
length.. This is quite a distinct matter from the Xs produced by 
iocal atmospheric electricity flowing down the antenna. These 
perpetual strays are stronger and more frequent, in general, the greater 
the wave-length to which the receiving antenna is adjusted. It is 


natural, but it is not scientific, to jump to the conclusion that these 
strays are all due to lightning strokes occurring probably at great 
distances somewhere on the earth’s surface, or possibly in the fre« 
atmosphere between one bank of ionised air and another. There it 
no doubt, however, that lightning strokes do give rise to natural 
electric waves which often travel great distances over the globe and | 
make themselves evident in wireless telegraph apparatus by knocking 
or grinding sounds in the telephones. 

In middle latitudes strays are stronger in summer than in winter. 
Conditions may possibly be reversed in places like Iceland, where the 
winter is the thundery season. In temperate latitudes the strays are 
usually more frequent at night than in the day, both at land stations 
and at ship stations, and near sunrise and sunset the day conditions 
merge into the night conditions. The transition is sometimes abrupt 
and occurs at about 10 minutes after sunset or 10 minutes before 

sunrise. In November, 1909, this transition point was particularly 
well marked for a week or two. _The phenomenon (and the author’s 
explanation) was as follows :— 


ee ee ee 


176 


! 


STRAYS, 


Starting to listen at about a quarter of an hour before sunset, the strays 
heard in the telephones are few and feeble, as they have been all day. 
Then, at five minutes after sunset, a change scts in, the strays slowly get 
rather fewer and feebler, till at 10 minutes after sunset a sudden distinct 
lull occurs and lasts perhaps a minute. Occasionally at this period there 
is a complete and impressive silence. Then the strays begin to come 
again. They quickly gain in number and force, and in the course of a few 
minutes they settle down into the steady stream of strong strays proper 
to the night. The lull is sometimes very pronounced and sometimes 
there is no lull at all, but merely the gradual change from one condition 
to the other. This latter seems to be the more usual event at dawn. The 
explanation suggested by the writer led to the presumption that most of 
the strays received in temperate latitudes during the winter have their 
origin in the tropics, and that in consequence the strongest of those 
arriving in England come from a southerly direction. Consequently at 
twilight they have to traverse a belt of air from which the sunlight is 
rapidly being withdrawn. This region of the air is electrically turbulent 
in consequence of the recombination of ions taking place through it. The 
strays, therefore, have to traverse this twilight belt in a nearly north and 
south direction, 7.e., very obliquely, with the result that there is a short- 
lived but fairly complete cessation of strays while the twilight belt passes 
over the receiving station. 

In 1910 H. Morris-Airey, of Newcastle, and the author, in London, 
made simultaneous records of strays on many nights and days. 


_ On comparing records it was found possible to identify individual 
strays with certainty. The general result of a long series of obser- 


vations was that about 70 per cent. of the strays heard at. Newcastle. 
had tse same origin and were of about the same intensity as the 
corresponding ones heard in London ; hence it follows that the source 
is at a distance great compared with the distance between the stations. 

From observations on the twilight minima, and especially from 
observations during the solar eclipse of April 17, 1912, the author: 
deduced that the principal source of the strays received in England 
isin Western Africa (The Electrician, Sept. 27, 1912). ie 

H. Mosler, making investigations through the year August, 1911, 
to July, 1912, found that the character of the clouds and the tem-. 
perature of the air were connected with the number of strays heard | 
yer minute. They increased in number when grey storm clouds 
approached the station and diminished as these clouds passed away.. 
Contrary to all previous observers, he found that the disturbances: 
caused by lightning discharges have no influence upon receiving: 
stations situated as far as 100 km. from the storm centre. ~ ~ 

C. G. Crawley has published some of his observations on strays 
heard at a receiving station on a naval vessel stationed in the. 
Mediterranean.” -It would appear that the strays which seriously 
interfered with communication were associated. with low barometer: 
readings, high thermometer and a dry atmosphere. The sirocco 
wind affords an exception to the rule. This is a south-easterly wind, 
heavily laden with moisterre and always accompanied by strays. 
C. G. Crawley remarks also that while there were 70 per cent. of night 
watches disturbed by strong strays there were only 30 per cent. of 
day watches so disturbed, and that the percentage of watches with. 
strong strays was almost exactly the same as that with weak strays. 
It was noticed that it was very rare for strong strays to be prevalent 
during a consecutive day and night, the strong strays easing up as 
soon as it became dark, and vice versa. . 
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_H. J. Round states that in trans-Atlantic signalling the distur- 
bances due to Xs are a maximum in the summer at about 4 or 5 p.m., 
but there is no regular time for a night maximum. He has stated 
that in July, 1912, at Chelmsford the strays were at a minimum on 
‘many occasions within a minute of the instant when the upper edge 


-of the sun sank below, the horizon, but this minimum was often. 


hidden by local storms. The minimum was more marked on a 
“§,000 metre receiving apparatus than on a 4,000 metre. This is 
-apparently a different phenomenon from that described.on p. 176. 
-Round has suggested the possibility of determining a’ship’s longi- 
“tude at sea by aid of it. The three curves of Fig. 84, p. 158, given 
‘by Round, represent the number of strays per minute (counted) 
“which produced voltages of at least 3, 6 and 9 volts respectively 
‘across the receiving transformer secondary. . 

The British Association Committee for Radiotelegraphic Investi- 
gations have analysed a great volume of statistics on Xs, gathered 
from many parts of the world. In the 1915 Report it is pointed out 
that the most universal fact is that strays heard in the dark hours 

are more numerous and louder than those heard during daylight, 
except on occasions when there are local storms. In mid-ocean, as 
R. Ricci has shown, strays are as a rule few and feeble both in the 
day and in the night as compared with regions near land masses. 
The change from day to night conditions is generally more abrupt 
at sea than on land. On the average, taking all the year round in 
stations north of the equator, the stray minimum falls a little after 
noon each day, and the maximum a little after midnight, and the 
change from night to day conditions and vice versa lags behind 
sunrise and sunset. These regular diurnal variations range from 2 
to 5 in strength in tropical latitudes and from 0-3 to 3 in temperate 
latitudes—the figure 5 representing a strength of strays through 
which it is just possible to read signals. 

The Committee’s analysis of X storms, showed that they may 
occur within the same two or three days over very wide areas, and 
that these are periods of low barometer, high wind velocity, rapid 
change of temperature, great rainfall, and, especially, rapid baro- 
meter fluctuations. These meteorological conditions are just such 
as accompany or precede thunderstorms and line squalls and 
-generally unstable atmospheric conditions. The analysis showed 
that lightning flashes are not usually heard simultaneously by 
stations separated more than 100 miles. All this suggests that X 


storms are evidence of convective weather. It is possible. that the - 


atmospheric convection produced by an elevated coast line or by 
ranges of mountains is a frequent cause of strays. 

C. H. Taylor has described a very important series of observations 
made on strays during several months of 1915 and 1916 by aid of a 
-directive antenna and a radio-goniometer installed at Belmar, New 
Jersey. An hourly record of the apparent direction of maximum 
““sturbs’’ waskept onwave-lengths varying from 5,500 to 12,000 meters. 
Atall hours of dayand night the preponderating disturbances appeared 
to have a north-west and south-east azimuth plus or minus 20 deg. 
There was, however, some indication that when the antenna was 
tuned to the short wave-lengths of the group mentioned above, a 
lighter maximum direction existed in the east-west line. The south- 
-east and north-west line points on the one hand to Guiana and 
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Brazil, on the other hand into Central Canada. Regarding selec- 
tivity, C. H. Taylor remarks that short wave stations near Honolulu 
sometimes reported much disturbance while long wave stations 
reported conditions normal. Near Honolulu strays are heavy on long 
-waves during unsettled weather, but not troublesome while the trade 
winds blow steadily. 

In 1912-13 the Radio-telegraphic Investigations Committee of the 
British Association classified strays into three types, namely, clicks, 
grinders and hissing. The hissing noises were already known to be 
due to such local meteorological phenomena as white squalls, and 
cause large disturbances more or less uni-directional along the an- 
tenna. C. J. De Groot in an elaborate investigation in the Dutch 
East Indies claims to have shown that the clicks originate in light- 
ning discharges within about 100 miles, and that the grinders have 
quite a different origin. He confirms previous experience regarding 
the very local character of thunder-storm strays, and shows that 
these are the only ones not appreciably diminished in strength by 
the Dieckman cage (see p. 181). If it be accepted that the Dieck- 
man cage can eliminate aperiodic disturbances and not periodic ones, 
then it would seem to be proved that lightning discharges make, as 
a rule, periodic waves. The grinders are, in the tropics, by far the 
chief source of trouble. Their diurnal variation is well shown by 
the polar diagram of Fig. 89, taken from De Groot’s Paper. He 
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Fie. 89.—PoLar DIAGRAM oF AVERAGE Dainty VARIATION oF STRAYS 
THROUGHOUT THE YEAR IN THE DutcH Eagt INpirEs. 


concludes that the grinders originate in cosmic bombardment of the 
upper layers of the atmosphere and that those produced at any 
particular point have an audible range of several hundred miles ; 
loud grinders heard simultaneously and equally loudly at two 
stations, say 600 miles apart, are, he thinks, produced at some 
_ point in the upper atmosphere equidistant from the stations. He 
’ claims to have disproved the suggestion that the strays heard in 
temperate latitudes might be due to lightning discharges at points 
~ within the tropics. 

Observers at different parts of the world have chronicled very 
various impressions. or example, A. H..Ginman, describing con- 
ditions in Alaska, states that at Astoria there are usually no strays 
till noon.. They then appear, increase till 1 p.m. and remain strony 
till 5 p.m., after which they usually diminish. The time and 
amount of the evening decrease was variable, but the noon rise was 
constant throughout the season of observation. In Australia, 
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according to observations at the Government stations, the worst 
and most continuous type of disturbance (apart from local thunder- 
storms) occurs on calm nights when the sky is blue and starry. 
Additional information about Australian conditions is contained in 
Figs. 81 and 82, pp. 157, 158. 


Elimination of Strays and Disturbances. 


One of the earliest proposals for cutting out strays consisted in 
having two antenne coils, each with its tuned resonant circuit, 
one set tuned to the waves to be received, the other slightly out of 
tune. The currents from the two detectors passed, each in its own 
winding, in opposite directions through the telephone. A stray is 
supposed to excite the two sets equally, and therefore the detector 
currents cancel in the telephone. ‘The signals, on the contrary, affect 
the circuit in tune very much more strongly than the out-of-tune 
circuit. Fessenden. in 1907, elaborated this by using three complete 
sets, one tuned to the signals, the other two tuned to a slightly longer 


and a slightly shorter wave-length respectively. An alternative 


arrangement is to have the closed receiving circuit coupled to the 
split antenna (or to two separate antenne, one in tune, the other 


Fic. 99.—DE Groor’s Stray StTopprEr. 


slightly out of tune with the signals) in such a way that equal and 
opposite E.M.F.s of radio frequency are produced in the closed 
circuit by strays. For success it seems desirable to have the closed 
circuit aperiodic or nearly so. 

Marconi and Franklin, in 1910, patented another development, in 
which the novelty appeared in giving the two necessary frequencies. 
to the antenna by coupling with it a special auxiliary circuit of equal 


frequency. One of the resultant frequencies must be the same as 


that of the signals to be received. A similar method is described in 
specification 12,364, 1914, by P. O. Pedersen. 

C. J. De Groot has proposed the method of Fig. 90. Two re- 
ceiving antenne of the same shape and dimensions are erected within 
about 20 m. of each other ; one of them is tuned to the signals and 
coupled magnetically to a detector circuit, and the other, preferably 
of slightly greater wave-length, is made aperiodic by the inclusion 
of a contact detector in series with it. A winding in series with the 
first-mentioned detector and an equal one arranged as a shunt to 
the second detector are put on the same iron core as a third coil 
which is in series with a telephone receiver. The detectors must 
have sinilar characteristics and about equal sensitiveness. A stray 
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affects both detectors and the effects can be made equal by adjust- 
ment of the coupling K,; therefore if the equal primaries of the 
telephone transformer are wound in opposite directions there is no 
response to the stray in the telephones. On the other hand, signal 
waves are received very unequally by the antennz and are therefore 
effective in the telephone. The designer claims that the device is 
very useful in the case of what he calls “ periodic ”’ strays. 

M. Dieckman has recommended the use of an aperiodic shielding 
cage round the antenna. C. J. De Groot has erected such a cage 
and found it useful for certain types of stray. The antenna was a 
vertical wire 30 m. long and the cage was built on a frame con- 
sisting of four vertical hemp ropes 30m. long hanging from the 
corners of a horizontal square 50 cm. on edge, and at equal distances 
from the antenna. At every 50cm. horizontal square loops of 
galvanised iron wire were attached to the ropes, and 60 of such 
squares were connected apericdically to one another and the earth 
by thin manganin wire. All neighbouring conductors, such as stays, 
were earthed through high resistance. De Groot states that a com- 
bination of the two methods last described would eliminate all types 
of stray. 
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Fia. 91.—DIAGRAMMATIC VIEW OF C@NNECTIONS. X STOPPER. 


The simplest method is one of which the origin is not known to the 
author, consisting in shunting the antenna inductance, or inductances 
or condensers in other parts of the receiving circuits, by a Lodge- — 
Muirhead mercury and steel wheel coherer. In the first-mentioned 
arrangement any extra-powerful disturbance breaks down the 
dielectric film in the coherer and temporarily connects the antenna 
straight to earth. In the other modes of connection suggested, the 
action of the coherer under a strong impulse is to detune the circuits 
and so reduce the effect on the signal receiving detector. The idea 
has been developed by L. W. Austin, who finds that the best results 
are obtained by using a silicon-arsenic contact, which leads very 
strong disturbances to earth without interfering perceptibly with the 
reception of regular signals. Fairly good results have also been 
obtained with a contact of carborundum, and other crystals. 

H. de Bellescize has theoretically investigated the function of a de- 
tector arranged in shunt to part of the lengthening coil of the antenna. 
for the purpose of reducing the response to strays or other form of 
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shock. He showed that the incidence of the shock causes the resis- 
tance of the detector to fall and this in turn alters the period“and the 
damping of the antenna while absorbing some of the energy of the 
shock. The actual reception is accomplished on a detector arranged 
in a loosely coupled circuit. His conclusions are that the initial re- 
sistance of the detector should be 100 to 200 times that corresponding 
to apericdicity of the antenna, and that it should be placed in parallel 
with as large a fraction of the tuning inductance as possible. 

One of the best methods for reducing the disturbances produced 
by strays is that'shown in Fig. 91, patented by the Marconi Company 
and H. J. Round. Here two valve or crystal detectors are arranged 
in parallel but in opposition in the position usually occupied in the 
receiving circuits by a single detector. The sensitiveness of one 


detector is made normal as in the ordinary reception of signals, but. 


that of the other detector is reduced by lowering the local voltage. 
Thus, with signals that are not too strong, the second detector is 


nearly inoperative and its presence may be ignored. But under the . 
intense oscillations produced by a heavy stray this detector becomes: 


operative, rectifies the oscillatory current to almost the same extent 
as does the other, and therefore (being opposed) annuls the effect of 
thé stray on the telephones. A less complicated arrangement has 


Amplitude of 
A Alternating Voltage 


© Rectified Current 


Fie. 92.—ALTERNATING CURRENT CHARACTERISTICS OF BALANCED 
DETECTORS. 


been used by the author. Connect two adjacent similar crystal 
_detectors in series and opposing each other. Submit them to very 
strong (locally made) signals, and adjust one till the combination 
gives a minimum of sound in the telephones. Strong strays will 
then produce little response. But after the adjustment one detector 
is usually left much more sensitive than the other for moderate or 
weak signals, and such signals are, therefore, perceptible in the 
combination. 

The last-mentioned devices depend on properties expressed by 


the detector characteristics, and their action is best explained by _ 


considering the alternating current characteristics, that is the curves 
exhibiting the relation between the magnitude of the rectified current 
and the amplitude of the applied alternating voltage for a particular 


steady E.M.F. in the detector circuit. If the detector can be ad- ; 


justed till the alternating characteristics have the general shapes 
‘shown in*Fig. 92, then when the detectors are connected in Opposi- 
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tion in parallel arc, the shaded portion represents the resultant effect. 
For large alternating voltages the effect is small, and for a certain 
smaller value OA the effect is a maximum. 

De Groot has given a method which is explained by Fig. 93. 
The method consists in applying the auxiliary steady voltage in the 
direction opposite: to that giving best rectification, say at the value 
represented by the point A in Fig. 93, the detector being connected 
into the closed circuit of the receiving apparatus in the ordinary way 
for aperiodic or almost aperiodic working. The alternating voltage 
of amplitude AB will give no rectified current when superposed on 
the steady E.M.F.; smaller values will give a rectified current of one 
sign, larger values a current of the. other sign, as shown by the 
alternating current characteristic in the lower part of the figure, 
where OC=AB=B’A. It may be remarked of this and similar 
methods that even if the detector characteristics do not allow of 
the degree of compensation aimed at, they at least reduce the 
deafening effect of heavy strays. 


Fria. 93.—Direct AND ALTERNATING CURRENT CHARACTERISTICS OF A 
DETECTOR. 


In specification 14,595/14 R. B. Goldschmidt describes a com- 
mutator method. The aerial is connected to the receiving circuits: 
intermittently by a revolving commutator, the rate of intermission 
being made about the same as that of the wave trains by hand or 
automatically. The method will probably be more successful in 
preventing jamming than in eliminating strays. 

M. J. Pupin in 101,540, starting from the assumption that strays. 
are electrical pulses of short duration, has proposed. to introduce into. 
the antenna or its associated circuits a large amount of resistance so. 
as to make it avery inefficient conductor, particularly for short 
electrical pulses, and to compensate this for the frequency of the 
waves which it is desired to receive by introducing what he calls 
negative resistance. In explanation of the term negative resistance, 
it may be noted that any source of energy which supplies power to 
a circuit in strict proportion to the square of the instantaneous 


- current in that circuit may be treated as a negative resistance whose 


numerical measure is given by the proportional factor. For example, 
a negative resistance arises in the stator of an induction motor by 
inductive action of the rotor currents, or, again, may be brought 
about by the use of valves connected for generating sustained. 
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oscillations. According to the inventor the selectivity of the 
assemblage is very much greater than can be attained by not intro- 
ducing the resistance and the compensation. One of the circuits he 
suggests is shown in Fig. 94. The aerial is connected through a 


ae 
: 


A. 
z REGe 


: 


bo 


v 
Fic. 94.—Pupin’s STRAY STOPPER. 


resistance and a tuning inductance to the point A where it branches . 
into a resistance, an inductance (stator), and a condenser to cancel ~ 
the inductance at the given frequency ; then running from point B 
toearth. Gis the rotor and T is a condenser telephone. Here there 
are positive and negative resistances in paralle!. Let A,=—1,000 ohms, 
F,=—900 ohms, then the resultant resistance is R,R,/(R,+R,), 
which equals —9,000 ohms. Thus more than 9,000 ohms may be 
inserted in the antenna for absorbing the energy of strays, while 
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Fic. 95.—Puptin’s STRAY STOPPER. 


leaving only a small difference of resistance to affect the signal wave 
being received. 

The same inventor in 101,542 points out that the high resistance 
introduced into the antenna need not all be distributed along its 
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Jength, but may be concentrated at points at distances apart which 
are small in comparison with the wave-length used, and he states 
that there is advantage in having a large proportion of the resistance 
at a point indicated by A in Fig. 95. In this figure a valve is used 
for introducing negative resistance at H. Pupin and Armstrong, in 
101,541, describe developments of the negative resistance conception, 
some of which resemble those of Figs. 94 and 95, and also more 
complicated schemes of which that shown in Fig. 96 using two 
valves may be taken as an example. The particular advantage in 
this connection is that the condenser C is shielded by the high re- 


Fia 96.—Pupin AND ARMSTRONG’S STRAY STOPPER. 


-gistance R and the inductance L from strays and thus, it is said, less 


action is produced at the grid of the first compensating value. The 
two valves, it will be noticed, are so related that the second valve 
amplifies, by means of transformer PS, the repeat current in the first 
valve. T is the telephone. 

It may be remarked that in many cases the elimination of dis- 


turbances may be assisted by the use of directive aerials. This is 
especially true on any occasion when disturbance comes mainly 
from a direction.different from that of the signals. 
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GENERATION OF HIGH-FREQUENCY 


OSCILLATIONS. . 


N 


For further descriptions of Plant see ‘“‘Systems.”’ 


The principal methods that have been used or proposed for 
generating electrical oscillations may be classified as follows :— 

1. By charging or more usually discharging a condenser through. 
an inductance coil. 7 

2. By aid of any form of unstable arc. 

3. By high-frequency alternator. 

4, By alternator and frequency changer. 

5. Miscellaneous. : 

For methods 1 and 2 the typical circuit is shown in Fig. 97, ‘ 


Fic. 97. 


where C is the condenser, L the inductance, 8, S are choking coils or 
resistances, Ga gap. .It has been claimed that both methods were 
used in this circuit by Elihu Thomson in 1892. 


METHOD 1.—CHARGING OR DISCHARGING A CONDENSER. 


The fundamental facts of the discharge of electricity from a con- 
denser through an inductance coil, and the formule relating to the 
simplest cases, are given on p. 84. 


The Gap G, Fig. 97, Short-Circuited by a Metallic Conductor. 
SAHULKA’S COMMUTATOR METHOD. 


The method of generation of oscillations by charging and dis- 
charging condensers by aid of rapidly moving commutators is well 


Se 


Fie. 98.—SanvuitKka’s METHoD. 
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illustrated in one of J. Sahulka’s designs, Fig. 98. When the toothed 
Wheel engages with brush G, the direct-current machine charges 
condenser C! indirectly from the reservoir condenser C’, and 
when it engages with brush H condenser C! is discharged. Both 
charging and discharging are accompanied by oscillations in coil U, 
which induce oscillations in the antenna ASE. 
MARCONI’S COMMUTATOR. ¢ 
A different apparatus for generating oscillations .has been used by 
Marconi. The generator is connected through inductances or. 
resistances to a condenser, which is part of the oscillation circuit,. 
and which is in series with the primary of the oscillation transformer. 
The terminals of this circuit are discs, which may be rotated to pre- , 
vent burning, and the circuit is closed at regular frequent intervals 
by a rapidly-rotating wheel that carries on its periphery yielding. 
metal bridging pieces, such as studs with spring tops or studs sup- 
ported on springs. It will be seen that in this mode of generating 
oscillations the inventor utilises principles very different from 
those underlying his other disc generators (see next page); instead of 
cutting short the primary vibration at the earliest moment, the 
primary vibration is encouraged to persist as long as possible by the 
provision of a low resistance path. The prime requirement for the 
success of such a method is that the process of short-circuiting the 
gap should take place in a time that is small compared with the period 
of the oscillation generated. This is not easily done, for the oscil- 
lations may start, and even finish, long before complete closure can 
be effected, unless the mechanical motions are exceedingly rapid or 
the electrical oscillations are exceedingly slow, as these things go. 
The specification points out that low voltages can be used, and, 
therefore, in order to get power enough, large ‘currents must be made 
and broken by the moving bridging pieces. Also the wave-length — 
should be great. It must be added that in this method of generating. 
oscillations the primary circuit is kept coupled. to the aerial, and. 
therefore, in general, two waves are radiated. 


The Gap G, Fig. 97, Short-circuited by a Spark. 

This is the most familiar and the oldest method of generating 
electrical oscillations, although the physics of the spark remains a. 
most difficult subject. Many types of plant could be quoted in 
illustration, divisible in the main into two classes, the first having the 
sides of the gap fixed or moving slowly relatively to each other, the 
second having them in rapid relative motion, with or without an air 
blast. 


FixEeD ELECTRODES. 


Fixed electrodes are used as a rule only in small stations. In air 
at ordinary temperature and pressure, and with customary sizes of 
transformer, condenser, and of coupling to the antenna, the optimun 
sparking distance is 4mm. Gaps much longer than this bring in 
great damping. If the power delivered to the spark-circuit is greater 
than 2kW an air blast should be used across the spark-gap te. 
extinguish the are, which, if allowed to persist, prevents the re- 
charging of the condenser to its proper voltage. Compressed gaseg- 
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have been used for allowing the application of large charging voltages 
while keeping the gap small. The establishment of an are is 


-certainly discouraged by placing the gap in compressed hydrogen. 


Generally, the electrodes should be of high thermal capacity and 


conductivity or should be cooled. The musical note obtained -with 


fixed electrodes is ordinarily of frequency double that of the alternat- 
ing supply; but if resonance working (p. 104) is adopted, it may 


‘be much lower. 


A type of discharger which has proved useful in certain plants of 


medium power (10kW to 40kW) consists of ametal tube placed near 


a slowly revolving metal disc. The discharge takes place from the 
edge of the tube to-thedisc, anair blastis fed along the tube, and the 
axle ofthe disc is parallel to, but not inline with, the axis of the tube. 
It is probable that the spark can be quenched by a sufficient blast. 


One of its defects is the rather rapid wearing of the lip of the tube. 


This is due to the fact that the cooling action of the blast does not 


-extend fully over the lip because a sort of “backwater” forms in 


the air current. E.Girardeau and J, Bethencd give in specification 
No. 14,884/1914 means of removing this defect. The disc P 


(Fig. 99) which faces the end of the tube is now made of only about 
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the same diameter as the tube 7", and both tube and disc are 
mounted axially ina larger tube 7°. The blast is now passed along 
the large tube, -and no portion of the arc can shelter from the air 
current. The size of the distance marked x is unimportant, but 
the diameter d is important. Hachofthe electrodes may be rotated 
to make the wear more uniform. Alternatively, as is set forth by 
the inventors in No. 15,031/1914, the spark may be kept rotating 


-by a magnetic field perpendicular to it. In that case the disc elec- 


trode is made the end of a cylindrical magnet energised by a winding 
on the end remote from the gap. An effective way is to connect 
the winding in series with the excitation circuit of the alternator 
and then the magnetic field attainsits maximum value at the proper 


moment. Another method suggested is to produce the magnetic 


field by a coil traversed by the h.f. current. 
RapipLy Movine ELECTRODES. | 
The advantages of moving electrodes, especially when large powers 


‘have to be handled, were grasped at an early date by Marconi and 


by Fessenden, both of whom have developed disc dischargers giving 


musical notes. Only one of these need be described here. 


MaRrconr’s StuDDED Disc. . 
Marconi’s disc discharger is shown in Fig. 100. The metal disc a has 


‘its shaft in insulated-bearings 6 and is capable of being rotated at a 
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very high speed through an insulating coupling by an electric motor, 
turbine, or other convenient machine c. Copper studs or pegs d are 
arranged at extremities of diameters round the periphery of the disc, 
and pass during the rotation between the nearest points of two side 
dises e, e, which are rotated at a slower speed than the large disc. 
The discs e are connected by brushes to a condenser f, through an 
inductance g, and this oscillation circuit is connected inductively or 
conductively to an antenna. Each plate of the condenser is con- 
nected to a dynamo or battery of cells 7, suitable inductances or 
resistances k being included in the connections. The wave-length 
of the emitted radiation is fixed by the condenser f and the induct- 
ance g. By choosing the value of the reactance & the time period of 


Fic. 100.—Marconr’s Disc DIscHARGER, 


the circuit kikf is arranged to be simply related to the interval be- 
tween successive passages of the studs between the discs. The 


action of the machine is as follows :— 

When sparks jump the small gaps left between the discs and a stud of 
the wheel, the condenser / discharges with high frequency oscillations 
through the spark-gap and inductance g. The coils & act meanwhile as 
choking coils and prevent a dangerous rise of current. If appreciable 
direct current from ¢ starts across the gap, an arc 1s established, but this: 
are is drawn out by the revolving wheel and. is extinguished so quickly 
‘as to leave time for the condenser } to charge up again before the next 
stud arrives between the discs. The extinction of the arc will be assisted 
by the passage of oscillatory energy to the antenna during the initial’ 
stages of each discharge. Hence, the larger the air wire system the 
higher may the supply voltage be pushed, and the more numerous may | 
be the discharges per second. It should be noted that the higher the rate: 
of sparking the smaller must the condenser be if it is to be fully charged. 
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Rapidly moving electrodes bring several new features into the 
‘spark method. In the first place, such a discharger as the Marconi 
disc may be used to cut up the E.M.IF. wave of a low-frequency alter- 
nator, so as to produce a note of any desired pitch well above that 


which would be given if the electrodes were fixed. In the second — 


place, the windage, the rapid renewal of cold metal, and the lengthen- 
ing of the gap produced by the motion, combine to prevent arcing. 
Regarding the first point, the note obtained by cutting up each half- 
wave of the alternator is impure, while at the same time regulation 
difficulties may arise; therefore a disc running synchronously with 
the alternator is the best arrangement, though bringing the note 
frequency down to only double the alternator frequency. In syn- 
chronous running the simplest arrangement is to have the disc 
mounted on the alternator shaft. The number of bridging pieces 


must correspond with the number of poles and the disc must be — 


adjusted relatively in angle so that discharge takes place near the 
peak of the voltage wave of the transformer. Then a sort of reson- 
ance becomes possible and the highest efficiency and uniformity are 
attained. Regarding the second point, the prevention of arcing, this 
ds so successfully accomplished that efficient dischargers can be built 
to take 300 kW. But beyond these considerations another enters if 
Jong waves and very rapid mechanical motions are employed. ° In 
this case the lengthening of the gap stops the discharge after a very 
few oscillations and an effect equivalent to quenched spark excitation 
is obtained. (See also page 199.) 


FERRIE’S ROTARY DISCHARGER. 


For powers of 6kW to 10 kW G. Ferrié, with Fracque and Brenot, 
has obtained good results using’a discharger arranged in the following 
manner: Along a circular copper cylinder 25 cm. in length, 15 or 
20 copper rods are fixed radially, each passing perpendicularly 
through the axis of the cylinder, and being equally spaced angu- 
larly. The cylinder is driven by an electric motor, the minimum 
tangential velocity of the ends of the rods being 50 metres per second. 
‘The sparks occur along the length of the fixed electrodes as each rod 
on the cylinder arrives in turn at the position where the air-gap is 
smallest. A well-sustained musical note is obtained with this device, 
although some irregularity is caused by the blank spaces which occur 
in the series of sparks, and which are unavoidable when low-frequency 
alternating current of 42 or 50 cycles is used. A somewhat similar 
discharger has been installed at the Sainte Marie wireless telegraph 
station by Petit, the engineer of the telegraphs department. The chief 
defect of all rotating dischargers is the loss in friction and windage. 

A. S. Blatterman has pointed out that in ordinary alternating 
current spark work smaller condensers are required for rotating 
dischargers than for those with fixed electrodes. He has made 
experiments with a disc having 12 studs excited from a 13,000 V 


transformer, the disc being rotated at speeds varying between 200 | 


and 12,000 r.p.m. The condenserwas varied from 0-005 to 0-02 pF. 

He found that there was an optimum speed of rotation at each size 

of condenser, the efficiencies having a maximum value at a fairly 

definite frequency. He explains the fact that an increase of power 

on one side of the maximum is got with adecreased spark frequency 

(or capacity) by pointing out that the average value of the condenser 
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voltage is concerned and enters squared into the power formula, and 
thus overbalances the opposite tendency of changes in the spark 
frequency (or capacity). 

The relative advantages and disadvantages of D.C. and A.C. for 
disc working have been discussed at length by Fraque, by Bou- 
thillon and by Blondel. The latter points out that the breakdown 
of D.C. machines has frequently occurred because the passage of 
interrupted current of acoustic frequency through the armature 
produces a supplemental alternating field in the coils on the 
diameter at right angles to the brush axis, and this voltage added 
-to that produced by the rotation of the armature is liable to cause 
flashing over on the commutator. Further, a difficulty arises with 
D.C. machines that at high voltages shunt excitation becomes impos- 
sible; if a series winding is adopted then variations of line current 
cause large short circuit current in the coils short-circuited by the 
brush ; if the excitation is provided by a separatesource the exciter 
must be specially insulated and therefore the charging current must 
not go through the armature but through a protective group of 
large condensers across the-terminals. 

the 
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Fig. 101.—WoopiANp’s PoLYPHASE DISCHARGER. 


V. Bouchardon has applied the oscillating circuit equations with 
constant resistance and reactance to the case of the disc discharger 
with the condition that the discharge takes place at the instant of 
maximum condenser voltage. He has shown that there is always a 
definite phase adjustment of the rotating electrodes that will satisfy 
this condition. He has made anumerical comparison between three- 
phase and single-phase dischargers, after showing that a balance 


three-phase load is easily obtained. He takes the case of a star 


connected generator with mesh connected condensers and compares 
it with the same alternator with the load condenser between two of 
its terminals and of capacitance equal to the first mentioned three 
condensers in parallel. It is found that with the three-phase system a 
spark voltage of at least three times that of the single-phase system 
is obtainable and that the electrical efficiency is greater in the former. 
W. C. Woodland has claimed great advantages for polyphase 
dischargers such as that shown in Fig. 101. In the first place, an 
8-phase 60-cycle plant will give the same note as a480 cycle single- 
phase plant, while the condensers, because they operate on 60-cycle 
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current, may be of large capacity and will be underlow voltage. 
The reliability of the equipment will be increased because if one 
phase is put out of action by the breakdown of a part of the radio 
circuits messages can be carried on with the other phases. The 
question of spare transformers and condensers is more easily solved) 
than with single-phase equipment, and moreover operation proves 
to be more efficient. 


Special Devices. 
CHARGING IN PARALLEL, DISCHARGING IN SERIES. 

The Compagnie Générale Radiotélégraphique describes in 29,375, 
1912, a new method of charging two batteries or condensers} im 


Fia. 102. Fie. 103. 


parallel and discharging them in series. The advantage accruing 
from this process has led to many former proposals of means for 
effecting it, most of them depending on the arrangement and. re- 
arrangement of the condenser connections by means of switches. 
Also it has been proposed to discharge the condensers of two circuits 
of different periods across the same gap in such a way that when 
the phases of the currents become opposite the circuits discharge 
in series. But in the present invention the one condenser remains 
fully charged until the other has reversed its polarity by discharge, 
and thus the condensers are connected in series with practically their 
full charge. 

Fig. 102 shows a method of carrying out the method. The two con- 
densers cd, approximately equal, are charged from the direct-current 
or alternating-current mains vv through resistances w. Spark-gaps fg 
and inductance coils st are arranged a3 shown, s being coupled with the 
antenna, the inductance of ¢ being greater than that of s. Imagine that 
the voltage rises till the gap f breaks down. Condenser c discharges and 
d cannot ; but when c has by discharge reversed its voltage there exists 
practically double voltage in circuit csdg and the gap g breaks down. It 
is stated that a more practical form of the apparatus is got by replacing 
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the spark-gap / by a mercury lamp, thus taking advantage of the remark- 
able quenching powers of the mercury vapour lamp. In this case the 
action is a little different and is worth notice. In Fig. 103 the coil u in 
_ series with condenser c is very small compared with coil s in ser es with 
condenser d, and therefore c discharges more quickly than d. The 
mereury lamp q is provided with a starting terminal, z, energised by the 
inductorium 7. Initially condensers cd are charged, and when the induc. 
torium lights the lamp ¢ begins its discharge and performs half a swing 
in a time so short that d loses little charge. At the moment c becomes 
fully charged with reversed sign the current through the lamp vanishes, 
the lamp is extinguished and both condensers now discharge in series in 
the cireuit cusd. The lighting of the lamp may be accomplished by a 
rotating commutator, so that a musical note is produced for signalling. 


Fig. 104.—Lepe.’s CONDENSER-REVERSAL METHOD. 
GG are spark gaps. 


E. von Lepel has given in U.K. Patent 11,102, 1914, a number of 
arrangements in which a condenser is charged by direct current and 
then discharged into another condenser of about the same size, in 
opposite directions alternately, by aid of a rotating commutator. 
One system of connections is shown in Fig. 104, where the con- 
denser C’, is a reservoir condenser of much greater capacitance than 
C; or Cy, the working condensers. When the condenser C, is correctly 
adjusted with regard to the spark rate the voltage at the beginning 
of each discharge is approximately double that of the dynamo. It 
is frequently advantageous to have a number of quenching gaps in 
series with C,. Again, when the voltage of supply is rather. low, 
two or more condensers may replace C, and be so connected as to 
charge in parallel and discharge in series. 


Wet ELECTRODES. 


_£F. di G. B. Marzi, in specification No. 12,259/1914, describes a 
discharge gap for producing electrical oscillations, of which the 
essential point is that one electrode is kept wet and moving. A 
way of carrying out the invention is shown in Fig. 105. The 
rotating disc forms one electrode and is wetted by the jet 3. The 
electrode 2 is an aluminium rod of circular section almost touching 
the disc. A felt pad 4 is of help in removing the excess water. 
When the gap is properly regulated a peculiar crackling arc arises 
and generates almost continuous trains of oscillations in the usual 
inductance capacity shunt circuit. 
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SPARK GAPS IN RunninG LIQUIDS. 


Eccles and Makower have experimented with sparks in running 
liquids. It was found after using a variety of transformers and 
transformer ratios that for large or small gaps, within the range 
allowed by the bore of the tube, much lower voltages were required 
to produce the spark in water than were required for an equal length 
of spark in air. In constructing apparatusit was found that unless 
ample thicknesses of material were used the pressures produced in 
the interior of the discharger during the passage of the sparks were 
sufficient to burst it. The most satisfactory design consisted of a 
cube of marble with a side of about 4in. provided with a vertical 
channel of + in. bore through which the liquids could be caused to 
flow, entering at the bottom and flowing away at the top so as to 
sweep away all the gases formed by the passage of the discharge 
through the liquid. The electrodes consisted’of two horizontal metal 
rods with axes at right angles forming a spark-gap in the middle of 
the liquid column. In order to prevent the liquid being forced out 
by the high pressures developed it was necessary to provide stuffing 
boxes at the points where the electrodes entered the marble. 


Hie? 


It was found that when the oil spark was used, with almost any 
degree of coupling, some impulse excitation was taking place. For 
example, when the coupling was 12 per cent. a single wave-length of 
620 metres was observed in the primary and secondary circuits, and no 
other wave-length was detected ; whereas when the spark occurred in 
air the same circumstances gave two distinct wave-lengths of 570 and 
640 metres. The use of oil presents the advantages of giving better 
quenching than the air-spark and of eliminating the defeaning noise 
associated with the latter, while the efficiencies of the two forms of 
apparatus are the same. 


Continuous Oscillations by Spark Discharges. 


Spark discharges properly timed can be adjoined so as to yield a 
train of continuous oscillations. An interesting method capable of 
handling large powers has been developed by Marconi recently. It 
is described by him as follows :— | 

A number of oscillating circuits, 1, 2, 3, 4, in Fig. 106, are energised 
from the same source G through inductances L,, L,, Ls, Ly. The dis- 
charge circuit of each condenser includes a toothed metallic wheel D,, D,, 
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D,, D,;, and an inductance coupled to the antenna or to an intermediate 
circuit coupled to the antenna. The toothed wheels are insulated from 
each other, but rigidly mounted on the same shaft and so fixed that the 
condensers discharge and recharge in succession, and so that at a given 
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Fig. 106. 


velocity the interval between the beginning of the discharge of one 
condenser and the beginning of the discharge of the next condenser is 
equal to the period of oscillation of the erial or intermediate circuit, or 
perhaps an exact multiple of the period of oscillation. To make certain 


Fic. 107. 


that the beginning of each discharge occurs at precisely the right moment, 
the discharge circuit is provided with an auxiliary disc, which produces 
a spark at greater potential than the main discharge by means of small 
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auxiliary condensers. The auxiliary disc may with advantage be con- 
structed with a large number of narrow electrodes, thus resembling a 
toothed wheel. It is not shown in Fig. 106. The final effect of this process 
is shown in Fig. 107, wnere the damped oscillations, produced in rotation 
by the four discs, give rise to the continuous oscillations indicated in the 
lowest curve. Disc speed is egulated to give maximum aerial current. 

Another method employed by Marconi, but one not well adapted 
to the manipulation of high powers, consisted merely of a toothed 
wheel rotating between fixed electrodes at so high a speed that the 
discharges occurring when teeth passed the fixed electrodes, were of 
the same frequency per second as the natural vibration of the 
antenne or a small multiple thereof. 

R. Arno gives details of a mode of generating practically con- 
tinuous trains of oscillations in’ No. 11,928/1914. The apparatus is 
virtually a combination of a static phase transformer with a static 
voltage transformer, and is arranged to prcduce more than 30,000 
sparks per second equally spaced in time and of equal danyping. It 
is most easily explained by aid of the two-phase example shown in 


Fig. 108. 


Fig. 108, where the magnetic ring carries a continuous winding 
which is fed with two-phase current at equi-distant places fad vn b Bes 
II. In this case the P.D. between the points 4, 4 differs in phase 
by one-eighth of a period from that between L, I., and the result is 
a transformation from a two-phase to a 16-phase system. Suppose 
that the frequency of a polyphase current is , that the winding is 
fed with N phases at equi-distant points, and that there are K 
tappings; then if in each derived circuit there is a spark-gap, the 
total number of sparks will be 2nNK. In order to make the 
secondary voltage high enough for sparking, two obvious alterna- 
tives present themselves: First, the input phases may be trans- 
formed beforehand, or, second, the transformer may be built with 
two windings, one for the feeding phases, the other for the second- 
ary phases, so that the transformer is a voltage as well as a phase 
transformer. After remarking that it is best to use an odd number 
of phases the inventor recommends the system of Fig. 109. The 
alternator 4 of 1,000 ~ feeds the primary by means of three con- 
nected phases, I., 11., UE. The nine-phase secondary supplies nine 
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single-phase disconnected high-voltage currents to nine correspond- 
ing oscillatory circuits connected to one and the same h.f. trans- 
former J. 


Fic. 109. 


PHYSICS OF THE SPARK. 


The Physics of the Spark, as it is used in wireless telegraphy, remains 
somewhat obscure. 
Resistance of Spark. 


The “‘ spark characteristic ” has the equation v=a+-b/7, and v has been 
found to be a linear function of the spark-length. When the current is 
not very strong, the constants a and b are independent of the spark- 
length and are the same as the constants of the glow discharge. The 
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range of measurement has been extended to spark-gaps of 7 mm. by A. 
Heydweiller. The constant a becomes negligible when the resistance is 
high. As Heydweiller points out, the terms “ resistance ” and “ appa- 
rent resistance ’’ are used with some confusion in the case of sparks. The 
resistance can only be understood to mean the resistance of an equivalent 
solid conductor, and this may be variously determined by the heating 
effect of a current, from the damping of an oscillation, or from the relation © 
between the current 7 and the voltage v. These three methods give incon- 
sistent results in the case of sparks. It is, in fact, impossible to deter- 
mine, as in solids, the resistance of a spark from a single measurement, 
or even to define it by a simple relation. Spark resistance must be 
defined by means of the two constants a and b. 

The expression v=a+b/i, given above, suggests that the spark resis- 
tance is a variable quantity of form R=a/i+b/i?. If this expression 
be inserted in the usual differential equation of an oscillatory circuit, 
the result is not solvable in finite terms unless b is neglected. In this 
latter event the solution, when expressed graphically, consists of a series 
of distinct arches of sine curves of the same period, but of amplitude 
diminishing in arithmetic progression. When the metallic resistance of 
the circuit is not negligibly small, we obtain instead of arches of sine 
curves a series of arches of damped sine curves. J. 8. Stone has obtained 
cathode ray oscillograms of the oscillations in circuits wherein spark 
resistance predominated, and has shown that the decay of current is 
according to arithmethic rather than to geometric progression ; and he 
therefore deduced that the spark resistance is inversely proportional to 
the instantaneous current. In practical circuits, however, metallic 
resistance must have an effect not negligible. . 

M. La Rosa has investigated the effects of the substance of the elec- 
trodes on discharges by aid of photographs, and has concluded that are 
and glow discharge are the extreme most stable forms of a whole series of 
intermediate forms which exhibit more or less characteristics of both 
extreme types. Aluminium possesses properties, thermal conductivity 
being the chief one, of such numerical value that all the intermediate 
forms of discharge are well shown. Another property of aluminium is 
its facility in emitting electrons, which especially fits in for use as a 
cathode in the glow discharge. Carbon, with its low thermal condu- 
tivity, and with consequent persistence of the craters, possesses properties 
that tend to mask all the intermvasate forms. In the case of silver the 
craters have little stability, and tnerefore the more persistent form is the 
glow discharge. Hence a silver cathode and a carbon anode give readily 
a discharge of mixed type, and with difficulty an arc ; with the silver as 
anode the reverse is the case. 

W. G. Cady has also investigated the various types of discharge with 
especial attention to the regions of instability and to the condition for a 
stable discharge at any current. He has described a type of discharge™ 
in which there is an arc at the anode and a glow at the cathode. Experi- 
ments on intermittent, oscillating and singing arcs are fully described in 
his Paper. 


Spark V oitage. 


The breakdown voltage between curved electrodes in air has been 
investigated by several observers under conditions similar to those occur- 
ring in wireless telegraphy. 

In the experiments by J. Kowalski and M. Rappel spherical electrodes, 
varying from 2 cm. to 30 cm. in diameter, and alternating current were 
used. The distance between the electrodes was gradually altered until a 
discharge took place, and very concordant results were obtained. The 
absolute values of the sparking voltage are from 4 to 6 per cent. smaller 
than those which have been obtained by direct currents. See p. 39. 

A. Russell has put forward a theory which implies that the discharge 
potential is a function of the curvature of the electrode. When calcu- 
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fating the maximum stress from measured discharge potentials between 
conductors less than 0-5 cm. apart a. definite amount, which he calls 
“ lost volts,’ is to be deducted. For air Russell fixes this quantity as 
800 yolts. He gives the dielectric strength of air at ordinary pressures as 
38 to 39kV. See p. 39. 

*J. Algermissen, using gaps traversed by the oscillations of an induc- 
cance-capacity circuit, and spherical electrodes varying from 0-25 cm. 
to 2-5 cm. in diameter, showed that up to a frequency of a million per 
second the ratio spark length : maximum voltage is about the same as with 
no shunt circuit, but above that frequency the ratio increases. When 
the gap length (x) is not too small ghe maximum voltage (v) is given by 
v=a-+ Bx, where a and 8 depend only on the frequency and the curva- 
ture of the electrodes. A similar equation holds for static conditions, but 
curvature has then a greater effect on the parameters a, £. 


QUENCHED SPARK METHODS. 


General Account of the Phenomena. 


Probably all short spark dischargers set their circuits into cscilla- 
tion by what is variously called “impact” or “shock” excita- 
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Fic. 110.—D1aGRAM OF OSCILLATIONS IN COUPLED CIRCUITS. 
(a) Ordinary Spark. (b) Quenched Spark. 
tion; and the terms “short spark”? and “ quenched spark” are 
often taken to be synonymous. Max Wien published in 1905 the first 
full account and explanation of the phenomenon. His explanation 
is expressed diagrammatically in Fig. 110... The two curves (4) show 
the beating oscillations (on a time base) produced in a tuned pair of 
coupled circuits by a persistent spark in the primary ; the curves (6) 
show how the quenching of the spark at an early stage leave ithe 
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secondary circuit in possession of all the energy and free to vibrate 
with its natural frequency. ‘The damping of the primary should be 
at least ten times that of the secondary. Thus quenching ensures 
singleness of frequency. Quenched syarks are easily obtained by put- 
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Fic. 111.—CurRvES SHOWING THE IMPORTANCE OF SMALL GAPS IN PRO- 
pUCING A SINGLE WAVE BY QUENCHED SPARKS. 


ting two electrodes close toge her and providing for the rapid remova' 
of heat from the region of the spark. If the metal is allowed to get 
hot. some volatilisation takes place and an arc is established. The 
importance of size of gap is shown by the resonance curves of Fig. 111, 
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Fic. 112.—RESoNANCE CURVES WITH QUENCHED SPARK FOR VARIOUS 
COUPLINGS, SECONDARY WAVE CONSTANT. 
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which were obtained by Wien using a pair of flat parallel circular 
brass plates. 

The condenser used in shunt to short sparks is usually large. It 
should be so large that its discharge current across the gap is sufficient 
to annul the supply current and relight the spark in the opposite 
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direction. The effect of the coupling between primary and secondary 
and the necessity for slight mistuning between the circuits, is shown 
in Fig. 112. The abscisse are the readings of the condenser of the 
wavemeter, the ordinates are proportional to the deflections of a 
thermal instrument in the wavemeter circuit. 


H. Riegger has obtained results not altogether in accord with those 
of Wien. He has shown that the resonance curve often becomes 
less sharp as the gap is made shorter. He found, moreover, that in 
the conditions of his experiments the continuous variation of the 
coupling caused the secondary current to vary in jumps. Perhaps 
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fia. 113.—ComPaARISON oF LEPEL AND PoULSEN ARC CHARACTERISTICS 


this is due to the changes in coupling causing the frequency of the 
oscillation, or the spark rate, or both, to vary, and therefore to 
assume in succession values that are ele ucts one of the 
other. M. Wien has shown that when the spark-gap is lengthened 
the coupling must be loosened in order to continue to get quenching. 


G. W. Nasymth has investigated the characteristics of the short 
sparks used by Lepel. The electrodes were plane discs of coppe- 
6 in. diameter and a varying number of sheets of paper 0:05 mm. 
thick was used to separate the plates. Fig. 113 contrasts the charac- 
teristics of the Lepel and Poulsen ares; Fig. 114 shows the connec- 
tion between spark length, P.D. across the gap and the current. In 
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these curves the condenser had capacity 0-0094 .F and the inductance 
was 14,300 e.m. units. The frequency of a Lepel circuit has been 
shown by Nasymth to obey the formula 


1 OT UPd? 

De Vie Lara 
where 1 is the length of the arc or spark, / is the are current, and d is 
a constant depending on the metal and the atmosphere of the gap ; 
L and C are the inductance and capacity of the shunt circuit. This 
same formula holds for the Poulsen arc. For this latter case Vollmer 
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Fia. 114.—P.D. across GAP FOR CONSTANT CURRENT AND VARYING 
Gap LENGTH. 


has shown that d=k/,/, where &k has a constant value tor a given 
are at all the values of J and C used in practice. If, as is likely, this 
is true for the Lepel discharge also, the above formula becomes 


rf ] Wh 1 b+ k? 
ont LC 4rd 
A formula has been given for the magnitude of the oscillatory 
current by short sparks and Poulsen arcs, namely , 


faa «f BEmO]LE? 

where / is the direct current and m is an arc constant. See p. 218. 
The efficiency of a short spark generator supplied with direct cur- 

rent was measured by Eccles and Makower by an absolute calori- 
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metric method, and found to reach values about 50 per cent.—.é., 
the power appearing as oscillations was about half of the power taken 
from the mains. The Telefunken engineers claim to obtain values 
approaching 80 per cent. with alternating-current supply of fre- 
quency about 1,000 per sec. 


Quenched Spark Plant. 


For descriptions of typical short spark plants see the Telefunken, 
the Chaffee and the Lepel Systems, under “* Systems.” 


PEUKERT’S DISCHARGER. 


W. Peukert and von Lepel independently utilised the quenched 
spark method about the same time as Wien. In Peukert’s form two 
carefully surfaced circular metal discs are held together with a film of 
oil between them, and one of the discs is rotated aboutits centre. Th s 
combination is put in the place of the spark gap in an ordinary 
inductance-capacity circuit, and is supplied with comparatively low- 
voltage direct current. If the speed of rotation is constant, and if 
oil is fed in regularly at the centre of the fixed disc, electrical oscil- 
lations are maintained in the inductance-capacity path. 


THE CHAFFEE DISCHARGER. 

Hidetsugu Yagi has made cathode ray oscillograms of the rapid 
discharges and trains of oscillations obtained by the Chaffee gap 
(see under Systems). E. L. Chaffee showed that oscillations were 
produced practically continuously by the rapid quenched sparks - 
that occur between an aluminium cathode and copper anode in a 
moist hydrogen atmosphere. Hidetsugu Yagi used an aluminium- 
brass gap in a coal-gas atmosphere with the circuits shown in Fig. 115. 
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The current supplied was about 0-4 ampere from a battery of 440 
volts. When C, and C, were less than 0-003 pl, the curves on the 
fluorescent screen of the oscillogiaph were either circles or ellipses, 
which proves that the oscillation in the secondary circuit is un- 
damped. When the resistance R, is large and the capacity C, larger 
than before (C, unchanged ?), the curve has a certain thickness, 
which shows that the current consists of repeated short damped 
trains that start at the same amplitude every few cycles. When 
R, is increased sufficiently the curves are spirals that open and close, 
proving the existence of trains that grow to a maximum amplitude 
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in one or two cycles and decay thereafter more or less quickly. In 
any case, it is clear that the timing of the discharges is done auto- 
matically by retroaction from the secondary, and the oscillatory 
current will exhibit maximum energy when the ratio of the discharge 
rate to the oscillation requency is a whole number. A number of 
such maxima, corresponding presumably to different whole numbers, 
were found on measuring the secondary currents while varying C3. 
B. Washington has discussed the operationof the dischargers and 
circuits designed by E. L. Chaffee. In Fig. 116 the direct-current 
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charges condenser C, until at a certaii voltage discharge;suddenly 
occurs. On account of the quenching there is only one-half cycle 
and then the spark goes out. The antenna is set into oscillation in 


its own period and meanwhile the condenser is being charged again. 


The moment arrives when the induced k.M.F. produced’ by the 
antenna oscillation ignites the gap and precipitates another uni- 
directional discharge. The number of antenna oscillations occur- 
ring between condenser discharges may be varied easily from 2 to 6, 
and each antenna train is in phase with its predecessor and 
successor. Washington has proved this by a’d of the oscillegrams 
shown in Fig. 117. They were taken by deflecting the beam verti- 


Fic..117.—OscILLoGRAMS GIVEN BY CHAFFEE DISCHARGER. 


cally with the antenna current and horizontally with the P.D 
of the condenser C,. At the end of a train the tracing point returns 
during the half oscillation represented by the wide arch to the start- 
ing point, and repeats the curve. 

B. Washington und P. H. Roysten have measured the Icsses in a 
1kW Chaffee set, operating on 250 V 500q A.C. Their calori- 
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metric measurements were made by observing the equilibrium tem- 
perature attained in closed air spaces surrounding the various parts 
of the apparatus. The input was 225 VA, with a power factor 0:92, 
and the resistance of the dumb antenna was 10-9 Q. At the best 
adjustment the transformer efficiency was 86-9 per cent., the gap loss 
56, the closed circuit current 14:7 A, the apparent gap resistance 
0-26 Q, the antenna watts 100. This gives a set efficiency of 48-4 per 
cent. By careful alterations of design and replacing the original 
generator and transformer by a generator connected directly to the 
gap the efficiency of the set was gradually raised to 70 per cent. 


For further information, see under “5 7stems.” 
J 


QuEeNncHING By AIR BLAST. 


A. Shaw describes in No. 18,111/1912 a form of spark-gap which 
is capable of giving discharges following each other at a very high 
rate. 

The electrode is merely a flat meta plate, confronting a metal cone 
pierced with a central hole. Through this hole a blast of air or other gas 
is driven so as to impinge squarely on the centre of the flat electrode. 
The discharger is used in a circuit coupled to an antenna in a manner 
appropriate for shock excitation, and the frequency of the exciting 
circuit is, it is stated, higher than that of the antenna. Moreover, the 
capacity in the exciting circuit is so proportioned that the condenser 
charges and discharges once in every half cycle of the primary circuit. 
Some interesting practical details are given. The electrodes are best 
made of copper or silver—zinc shows a tendency to pit at the place of 
impact of the gas jet. The diameter of the gas jet is greater the greater 
the power of the transmitter, being about 2; in. for a 2 kW set. The 
pressure should be about 100 lb. per square inch on the average, being a 
little more or less for voltages higher or lower than about 28,000 volts. 
If the pressure is increased to 150 lb. per square inch, with the voltage 
named, the blaze assumes another form, and the generation of oscillations 
is lessYefficient ; while below 50 lb. pressure per square inch the blast is 
of little assistance. With correct conditions, when the primary circuit 
is closed, the discharge consists of a series of un‘directional mpulses of 
extreme rapidity. The patent covers the use of a series of these air- blast 
dischargers arranged on a revolving disc which carries them past fixed 
electrodes, and in that way produces a musical note. 


ICNiTION DEVICES. 


Various devices for igniting the gap of a large discharge circuit 
by means of a small expenditure of energy from an auxiliary circuit 
have from time to time been proposed They have proved useful 
with the ordinary spark discharger and with the quenched spark 
Marconi’s continuous wave maker (Fig 106) might be put under this 
heading. The device of the Gesellschaft fiir drahtlose Telegraphie 
is noticed below as typical. 

One advantage of ignition methods is that greater precision can be 
given to the instant of the main discharge, and another (usually 
more important) is the facility in keying which is obtained by 
having the key in the low power circuit. An incidental advantage 
is the reduction in the loss of metal from the surfaces of the gap. 

\,. O. Sawtelle has used (for other purposes than radiotele graphy) 
a beam of ultra violet light for determining the times of successive 
discharges. A beam of ultra violet radiation from a 500 V iron 
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magnesium are was thrown from a rotating mirror on the negative 
termnal of a gap in series with the principal gap. This might con- 
ceivably be useful in radiotelegraphy. 


TELEFUNKEN METHOD. 


Fig. 118 shows the method. Here the main discharge circuit is 
formed by the condenser c, the inductance b, and the dise spark-gap 
a; ¢ is charged from the sousce of power e through the rheostat f 
and the choking coil d. To the main oscillatory circuit is linked the 
auxiliary circuit hig, which is supplied with energy by the cell m 
through the inductorium hz. When the working gap a is open it 
forms a condenser of small capacity, and the circuit containing it 
has, therefore, a high natural frequency—to this frequency the 
auxiliary circuit hig is preferably tuned. It is stated that by this 
means the auxiliary energy required for ignition of the working gap 
a, even when the supply voltage e is well below the disruptive voltage 
of the gap, is relatively small. The arrangement can be used either 
with ordinary spark gaps or with quenched sparks. In the latter 
case the quenching is better when an auxiliary ignition device is 
employed, because the supply voltage e may be kept low. It is 


Fig. 118 —Iqnrrion DEVICE. 


to be noted also that since the spark frequency is determined by the 
auxiliary circuit the note of the signals is not changed by alteration 
of the supply voltage in the working circuit, as must usually happen 
with ordinary d.c. quenched spark working. Moreover, the key / 
may be placed in the ignition circuit. When working on alternating 
current it is advantagecus to excite the ignition circuit by the same 
alternating-current supply with suitable phase displacement of the 
supply voltage. 

A certain disability of the original quenched spark system is par- 
tially removed by ignition devices of this type. In quenched spark 
working there exists for every pair of circuits one or more critical 
degrees of coupling at which pure shock excitation occurs. These 
critical couplings are dependent on the length of the spark. When 
the sparks are very short the wear of the metallic surfaces rather 
rapidly produces irregularity in the antenna oscillations—e.g., double 
waves may suddenly appear. By means of auxiliary ignition circuits 
much longer gaps may be used than formerly, and the wear of the 


electrodes thus rendered proportionately more insignificant, which © 


tends to increase the certainty of operation. In fact, with ignition 
methods, the spark-gap, or series of spark-gaps, does not have to 
fulfil two functions, quenching and limiting the supply voltage ; it 
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only acts as a quenching resistance. It follows again that the 
strength of the signals transmitted may be varied when desired by 
varying only the supply voltage to the main circuit, whereas formerly 
this variation had to be accompanied by a proportionate increase in 
the number of gaps. 


GALLETTI's METHOD. 


R. C. Galletti has developed what is practically an ignition method 
and which is shown in Fig. 119, Here C is a common terminal of a 
number of equal condensers, ¢,, C2, cs. . - These, with the inductance 
L and the condenser ¢o, form separate oscillatory circuits, having 
Land ¢, as their common parts; for example, Co, L, S2, Cg, C, is such 
a circuit. The resistances rj, 72, 7s - + + are connected by N 
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Fia. 119. -Gatuerri’s MrtuHop. 


to one pole of a high-voltage continuous-current dynamo, and are 
made inductive to protect the dynamo. The oscillations generated 
in any of the circuits pass through L, which is the primary to Ly, 
and so excite oscillations in an antenna comprising A, L,, and an 
earth connection. Sis a watching gap. Experience shows, says the 
inventor, that the spark rates at s,, 59,3 . . + are all the same 
if the lengths of the gaps, the resistances 7,,79,73_ . . , and other 
circumstances of the circuits, are the same; and if c, is not too big 
~ compared with c,,cy,¢g . . . thesparksats,,s,,s; . . . are 
successive. In the words of the inventor: “‘ The sequence of the 
primary spark is automatically determined, and the cycles of their 
discharges begin afresh, endlessly, at regular time intervals sc that 
the secondary wave trains in the erial conductor A follow each other 
at given time intervals which are a multiple of the frequency of the 
discharges in each spark gap.’’ The induced trains in the antenna 
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are given diagrammatically in Fig. 120. Photographs of the spark 
at the watching gap S show trains of oscillations following one 
another at the rate of 100,000 per second. Moreover, the trains 
may, uncer certain circumstances, overlap and run into one another, 
so that the secondary oscillations become practically continuous, 


plone bate OS mere Hane Loon ee 

seam Meena ("BS 

Py----t-4h ae Ve ae cite tit = 

peli 3 Ee TEE 

eR OL Sed FR a eM RBIS. 
t ; 


Fic. 120.—GatLuerri’s METHOD. 


MeETHOD OF MARCONI AND FRANKLIN. 

This method is explained by Fig. 121 where R, R’ are mercury 
vapour valves or other quenched gaps, which are broken down 
alternately by the auxiliary discharges from the igniting dise D, 
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acting through transformers 7, 7’. This split condenser circuit 
operates here in much the same manner as explained on p. 224, 
The spark method shown in Fig. 106 is virtually an ignition method. 
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_ VARIOUS DISCHARGE METHODS. 


Gap wits INDUCTANCE-CAPACITY SHUNT. 


Elihu Thomson, in 1892, patented circuits in which direct current 
was led from supply mains through a large choking coil to a spark gap 
that was shunted by an inductance and a condenser in series, and was 
provided with a magnetic blast. It has been said that in this 
arrangement the oscillation frequency is neces arily identical with the 
frequency of discharge, and that discharge rates up to 100,000 per 
second are easily obtained. The oscillations are fairly continuous, 
but vary abruptly in frequency through a range of 10 per cent. 

R. A. Fessenden, in 1901, used Thomson’s circuits with a regulating 
resistance in the supply leads, instead of (or as well as) a large in- 
ductance. Blondel and Cram experimented with similar circuits. 
In 1902 Fessenden used the discharge through compressed nitrogen 
between electrodes formed of very thin copper sheet cooled by 
circulating water, and measured an efficiency of 42 per cent. L. W. 
Austin has described experiments in which direct current at 4,500 V 
was fed through a resistance of 30,000 ohms to a spark gap consisting 


J 
of well cooled electrodes 0-4 mm. apart, and shunted by an oscillatory 
circuit.r,! The spark occurred in air compressed to at least six 
atmospheres. Rapid trains of oscillations took place. The current 
across the gap diminished slightly when the voltage across it was 
increased. 

S. G. Brown described in 1906 a method in which the discharge 
takes place between a slowly rotating aluminium wheel and a copper 
plate rubbing lightly on the rim. The copper is supported on a 
nearly balanced lever and is connected to the negative pole, the 
aluminium disc to the positive pole, of a 200 V D.C. supply. 
Apparently a rapid series of oscillations arises in an oscillatory circuit 
connected in shunt to the discharge, the discharge rate being 
determined by a large inductance and a resistance in the supply 
leads. 

W. Dubilier gives a method of producing electrical oscillations 
by means of a short spark in specification No. 16,917/1913. 
The circuits are shown in Hig. 122. The vibrator 0 has one electrode 
on the spring of an ordinary inductorium, specially stiffened so that 
it vibrates at a frequency of about 500 per second, and is operated 
by the magnet a energised by the current supplied at g. The cir- 
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cuit, comprising the vibrator, the condenser ¢ and the inductance 1, 
is tuned to the frequency of 500 per second, or a harmonic; s is 
a secondary coil, led to a discharge circuit containing condenser and 
inductance suitable for high-frequency oscillations. The principal 
advantage of tuning the circuit cbl to the frequency of the vibrator 
is that there is no burning when the circuit is broken, because it can 
be arranged that at that moment there is no current flowing. The 
theory of the process is given in the specification and is of consider- 
able interest. In Fig. 124 ox is the time axis and oy the current axis. 
Suppose the origin to correspond with the moment when the con- 
denser c is fully charged and the gap is closed. If the gap were 
closed permanently, the condenser would discharge as indicated 
by the current curve oabed, i.e., as a damped oscillation. At the 
same time the current from the mains g rises according to the 
ordinary exponential law, as shown by the curve oefg. The precise 
dimensions of the curves depend on the electrical dimensions of the 
circuits. When the current through the magnet coil a rises to a 
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certain value, represented, let us suppose, by the line at height oy, 
the contact is broken. Usually, the current will rise to a slightly 
higher value before the interruption is completed, and this is shown 
in the figure. On adding the current curves, another curve ohkn igs 
obtained, which practically attains zero if nc equals nf. This state 
of things can be brought about by suitably varying the capacity in 
the circuit, or by varying the inductance of the magnet coil a. 
But the currents do not die away immediately. The supply current 
begins to charge the condenser c, shown in the diagram by the line 
fsp for the supply current, and the symmetrical line cgr for the con- 
denser current, and this causes the contact to be maintained till ds 
is less than oy'. Experiments in adjusting the inductances a and | 
and the capacity c, corroborate the theory adequately. In using 
the apparatus for producing the oscillations for wireless telegraphy 
it is advisable to tune the secondary circuit, comprising the secondary 
of the inductorium s and the high-frequency condenser, to the fre- 
quency 500 per second, for the same reasons as hold good in the 
resonance transformer. The inventor claims for his apparatus the 
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merit that it produces musical notes while being very efficient elec- 
trically. 

The last resembles Leslie Miller’s transmitter, which can be worked 
from a 100 or 200 volt continuous-current supply. It has a range 
of about 15 miles. The method of operation is shown in Fig. 124 
There is a high-speed platinum-pointed interrupter actuated by the 
magnet (M), across which is shunted a condenser (C) in series with 
an inductance, which forms the primary winding of a step-up trans- 
former (T). The inductance is shunted with a small con- 
denser (c). The magnet coil (M) of the interrupter also acts as a 
choking coil, so that on a 100-volt circuit the interrupter can be put 
straight across the mains. With a 200-volt circuit, however, a non 
inductive resistance (R) (about 25 ohms) is inserted in series with 
the interrupter. The secondary winding of the transformer operates 
an ordinary oscillation circuit, the only peculiarity of which is the 
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Fia. 124.—D1AGRAM oF MILLER’S PoRTABLE APPARATUS. 


spark-gap (8S). This consists of four copper plates fixed close to- 

gether and separated at the ends, which are bevelled, by small glass 
tubes. The transmitter takes from 1} to 2 amperes, and very little 
sparking occurs at the interrupter, owing to the arrangement of the: 
primary circuit. 


“Impulsing ’’ a Circuit. 


The sudden starting, stopping, or changing of a current in a non: 
oscillatory circuit may be arranged to excite oscillations in associated 
circuits. The following example may be taken as typical. 


Marconr’s Imputsina METHOD. 


In Fig. 125 V is a source of current, D is a toothed disc P is a 
primary of an oscillation transformer. The discs are on the same 
shaft, and when this rotates intermittent discharges take place across 
_ the gaps, The sparks may be extinguished by air blast for example ;: 
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and he extinction is facilitated by dividing the voltage among several 
‘discs, as shown in the figure. 


-Rectifying Gaps. 
The use of gaps that permit discharge in only one sense gives 


~results similar to impulsing. Suppose the gap in Fig. 97, p. 185, to be — 


~of this character. When a spark occurs there is discharge without 
vibration. Hence the antenna is jerked. and oscillates in its proper 
-period. Many methods have been proposed for producing the valve 


action. One electrode may be kept hot and the other cold: one may 


be a plate and the other a point ; or the Lodge vacuum valve might 
be used. 

Cooper Hewitt in 1904 used a mercury lamp. When the simple 
circuit of Fig. 97 was used the tendency of the circuit to oscillate is 
‘likely to extinguish the lamp even though a local battery and 
_saecessory electrode be used to keep it alight. G.W. Pierce’s experi- 

<ments with the mercury vapour lamp as generator show that with 
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A.C. of 15009 V. and a condenser about 1 billifarad, a tube that 
yielded at 7 000 V gave about 24 000 discharges per second. 

In particular cases of the use of rectifying gaps or of “‘ impulsing,” 
it is sometimes difficult to distinguish between these methods and 
quenched spark methods. They might indeed all be included under 
the term ‘“ shock excitation.” 


SPECIAL CIRCUITS. 
(See also under ‘“Systems.’’) 


Improvements in Spark Circuits. 

In patent specification 8,524 (1911), B. Macku discloses a means of 
eliminating the spark-gap from the circuit in which the spark gene- 
rates oscillations—an object that is very desirable on account 
of the damping effect of a spark that remains permanently in the 
oscillation circuit. His method is shown in Fig. 126. The spark-gap 
at a is associated with two oscillatory circuits, acbt, of nearly equal 
frequencies, and is connected in the usual way with a source of high- 
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pressure current. When a spark occurs oscillatory currents start in 
both circuits and soon begin to get out of phase. In consequence, 
the intensity of the current across the gap falls off, with the result 
that the gap gets cool and the spark may be quenched. To ensure 
this quenching the currents must not be allowed to get into phase 
too soon—a condition that can be achieved by having the frequencies: 
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Fig. 126.—Mackv’s SMALL-DECREMENT CIRCUIT. — 


sufficiently near and by choosing suitable coupling between the 
circuits. Once the spark is quenched the oscillatory energy is con- 
fined to the circuit formed of the two partial circuits in series and the- 
oscillation therein is damped only by the low resistance of this. 
circuit. 

In continuation of this invention, the Gesellschaft. fiir crahtlose 
Telegraphie protect, in No. 8,712 (1911), a modification which con- 
sists in arranging that the complete antenna of a sending station shall. 
be one of the two circuits arranged in shunt to the spark-gap. 

The Gesellschaft fiir drahtlose Telegraphie have used the circuit: 
shown in Fig. 127 from 18,545 (1910) for improving the operation of 
quenched gaps. In the customary arrangement the gap fulfils two. 
functions; it determines the voltage to which the primary con- 
denser is charged, and then, after the spark starts, it quenches it. 


Fic. 127. 


rapidly. The figure indicates. how an airangement of gaps in series. 
can be made so that all the gaps co-operate in quenching while only 
one gap performs the function of limiting the charging potential: 
The gap G, is shunted by an impedance, Z, which short-circuits the: 
gap for low-frequency currents and causes the whole voltage to fall 
on G,, while offering piactically perfect obstruction to high-frequency 
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current, which must, therefore, cross G,. A very similar arrange- 
ment was described independently by G. Seibt in German patent 
241,114 (1909). 

In addition similar circuits and principles have been used or inves- 
tigated by Sett ik and, Ruhop, and by H. Masing and H. Wie- 
singer. The last named observers worked with two slightly mis- 
tuned vibratile circuits connected in parallel with the same spark- | 
gap and showed that the cessatio 1 of current at the beats permitted 
quenching to be attained with any sort of gap. They showed, also, 
that for low powers there is a critical ratio of the natural wave-lengths 
of the two circuits at which the spark can be quenched at the end of 
the first beat. 

T. F. Wall has proposed in No. 12,536/1915 the circuits shown 
in Fig. 128.. C is a condenser in series with inductances A and con- 
denser B, and this latter is made with massive metal plates to act 
as a quenched spark-gap. The gap is shunted by condenser G and 
inductance F, and may, in addition, be shunted by condenser K. 
Alternating current is supplied at EE, or, if direct current is supplied, 
the high resistance H must be connected to discharge C. When a 
spark passes at B the circuits FGB and ACB start into oscillation 


Fic. 128.—WatLw’s QUENCHING Circuits. 


cand if these circuits are arranged to produce beats, early quenching 
of the spark occurs. 
A. W. Long, in U.K. patent 14,729/1915, describes a method of 
ncreasing the length of a train of waves produced by a quenched 
‘spark and ordinary antenna. It consists in coupling to the antenna 
a closed circuit of large capacity and low resistance, which isalso 
‘coupled to the primary circuit—that is, the circuit containing the 
quenching gap. The coupling among these three circuits must be so 
arranged that the antenna and the low resistance closed circuit are 
set into oscillation simultaneously in the same phase, and conditions 
must be such that the vibration of these two circuits proceeds at the 
‘same frequency and in phase. 


METHOD 2.—8Y AID OF AN UNSTABLE ARC. 
Rationale of Are Methods. . 


Largely owing to the work of Barkhausen and Blondel, it is now clear 
that there are three types of oscillating arc, which are distinguishable 
from one another by considering the current through the are as the 
algebraic sum.of the steady current 7) supplied from the network and the 
oscillatory current from the condenser in the shunt circuit. The choking 
coils seen in Fig. 129 may be assumed to keep 7% constant. 
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(a) The maximum value of the oscillatory current may be so much less 
than the steady current that the arc is not extinguished. This is the 
case of the musical arc first described fully by Duddell. 

(b) The discharge current from the condenser may be so large as to 
extinguish the arc at an instant near the maximum of the oscillatory 
current. This includes the usual case of the Poulsen arc. 

(c) The oscillatory current may, after extinguishing the arc, kindle it in 
the direction opposite to the steady current. This is exemplified by the 
quenched spark with the “ ordinary” spark as an extreme case. They 
have been discussed in the preceding pages. 


Case a.—CONDENSER CURRENT Less THAN ARC CURRENT. 


The first type of arc generator, which gives nearly pure sine oscil - 
lations of feeble intensity, has had no application. The greatest rates of 
conversion of direct current energy into oscillatory energy are reached 
within acoustic limits of frequency. 

The ability of an arc to sustain oscillations in a shunt circuit depends on 
the fact that in the circumstances in which it is used, an increase of 
current through the arc involves a decrease of the voltage at its terminals, 
and vice versa. The curve connecting ¢ and v with values of 7 as ab- 
scisse is called the ‘‘ characteristic ” curve of the arc ; it has a negative 
gradient. Suppose the condenser-inductance circuit applied suddenly as 
shunt to an are supplied with a constant current %. The condenser 
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begins to charge, robs the are of current, the arc voltage therefore 
rises, and the condenser charges still further. A limit to the voltage is 
reached when the condenser current stops increasing, for then the steady 
current through the arc starts increasing, the voltage falls and the condenser 
begins to discharge more or less in the time of oscillation determined by L 
and CG. The condenser discharge current now adds to the steady current 
through the arc, makes the are terminal voltage lower than the normal, and 
encourages the motion of the electricity, which goes on till the condenser is 
fully charged in sign opposite to the last occasion. The process plainly 
goes on indefinitely. The arc thus acts somewhat like the slide valve of a_ 
single-acting steam engine, since it automatically admits electricity at a 
pressure above normal into the capacity and withdraws it at a lower 
pressure than normal, work being done on each occasion. In Fig. 130 let 
PN represent the normal voltage, ON the corresponding current, of an are 
with a falling characteristic. Then QM represents the condenser current 
and QN the voltage of the condenser terminals at a certain instant during 
the oscillatory charging, and M’ refers to an instant during discharge. 
Assuming that the oscillations follow a sine law, and that they are of the 
natural period of the circuit, then since v and 7 are in phase the work done 
per second in the shunt-circuit is JV, where J is the amplitude of the 
current, V of the voltage, of the shunt-circuit. This work may be 
regarded as all spent in a resistance Ff in the circuit, or partly in a coupled 
circuit, and thus 
4IV=4hhkP? 


that is, R=V/I 
215 
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If R exceeds this value the oscillation will not be sustained. Thus, the 
average negative gradient, which is V/J, or QQ’+(MQ+Q’M’), must 
not be less than R, For SS ae ae age this may be written 

R eis 
» as di 
which is sometimes. called Kaufmann’s condition. 

H. T. Simon first made clear that the characteristic curve of Fig. 130 

is not followed exactly during rapid oscillations; during reduction of 
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current a lower curve, during augmentation of current a higher curve, is 
followed. (See Case 6.) Being a time effect, this has’no analogy with 
hysteresis, though sometimes given that name in error. This “‘ dynamic 
characteristic ” for a type oscillations is indicated in Fig. 131. 

W. Duddell has given the following details of a musical are: Carbons 
solid, Conradty, 9 mm. diameter, arc length 1-5 mm., arc current 3-5A, 
steadying resistance 42°, shunt inductance 5-3mH, resistance of induct- 
ance and leads 0-41, capacity of condenser 1-1 to 5-44 F, R.M.S. current 
through condenser 3A when capacity is 5-4u F, voltage of battery 50V. 


Case 6.—CONDENSER AND ARC CURRENTS NEARLY EQUAL. 


The second type of arc generator, the Poulsen arc, gives very energeti¢ 
oscillations at frequencies up to two or three millions per second, and 
is used in the Poulsen system of wireless telegraphy (see “‘ Systems ”’). 
In order t* make the characteristic steep and allow of the use 
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of high voltages, it is advantageous to form the are between 
carbon and copper electrodes, with the copper as the positive 
pole, in an atmosphere of hydrogenous vapour (Fig. 132). The 
desired periodic extinction of the arc is assisted by strongly cooling 
the electrodes and by forming it in a strong perpendicular magnetic 
field, but is governed largely by the relative magnitudes of con- 
denser and inductance. Kiebitz states that when the inductance is too 
small (the product LC being of assigned value) the arc is very sensitive to 
changes in the supply voltage, the frequency of the oscillations varies 
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considerably, and steadying resistances are needed, metal filament 
lamps being recommended. By choosing the inductance so that when 
L and C are both expressed in centimetres their ratio approaches or ex- 
ceeds 20, steadying resistances are rendered unnecessary. Choking coils 
should always be used. As a rough rule the condenser used with a 
Poulsen are should have its capacity in centimetres equal to the wave- 
length in centimetres divided_by 30. In Poulsen’s telegraphic arc the 
carbon is slowly rotated against a scraper to maintain a square flat end ; 
the arc is struck by sliding one of the electrodes forward momentarily, 
and burns on the edge of the carbon. . 
Barkhausen has pointed out that in order to obtain the greatest pos- 
sible efficiency of conversion of direct current to oscillatory current it is 
necessary for the kindling voltage to rise very rapidly after the quenching 
to the highest possible value. It. is principally to effect this that the 
electrodes must be cooled, and that the ionised gases are removed by a 
blast or a magnetic field or by using a gas of high diffusion velocitye 
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An are used without a magnetic field works well on a 400-volt supply ; 
with a magnetic field the supply voltage may be raised to 600 volts. In 
practice the magnetic field across the arc is produced by the current 
from the mains ; the field windings form, in fact, the choking coils. One 
advantage of this arrangement is that accidental variations of the supply 
voltage are cancelled, as regards their influence on the oscillatory circuit, 
+n an automatic manner. For example, a fall in current and magnetic 
field allows the arc to shorten, its resistance falls, and therefore the 
terminal voltage tends to be constant. Ina 350-volt supply a variation 
of 60 volts produces a wave-length variation of only 0-1 per cent. in a well- 
designed 3 kW set. 


For descriptions of plant see under ‘‘ Systems.” 


H. T. Simon gives the name “ static characteristic ”’ to the curve con- 
necting v and 7, when the determinations are made step by step, the con- 
ditions at each step being steady ; and the name “ dynamic character- 
istic ” to that obtained when the conditions are varying, as in the case of 
the alternating-current arc. For finding the latter the oscillograph .is. 
used and the consecutive valves of v and 7 measured upon the curves 
are afterwards plotted ; or a Braun tube is employed, the voltage causing 
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a displacement by electrostatic means and the current a displacement 
at right angles to this by electromagnetic means, the characteristic being 
thus directly delineated. He has shown that when heat is supplied 
from some outside source, the characteristic is lowered—i.e., a smaller 
voltage is required to produce a given current. He obtains equations 
for the rise and fall of thé current in terms of the voltage, the area and 
temperature, density, specific heat, and conductivity of the electrodes. 
D. A. Rozanskij has applied Simon’s theory to the oscillatory spark to 
show why the decrement of the oscillation in a spark-circuit falls as the 
amplitude of the oscillation decays. 


The dynamical characteristic for b type oscillations is indicated in Fig. | 


133. 

G. W. Nasmyth made an extended series of experiments for the purpose 
of determining the relation between the frequency and the arc length. 
The experiments were made with a direct-current arc in a bronze chamber 
‘supplied with coal-gas, a wedge shaped water-cooled copper anode being 
opposed to a revolving graphite disc kathode. The primary induc- 
‘tance was 0-171 millihenry ; primary capacity, 0-0094 uF; secondary 


fie. 133.—DyNAMIC CHARACTERISTIC OF 0-TYPE OSCILLATIONS. 


inductance, 0-189 millihenry ; voltage across arc (open circuit), 500 volts ; 
‘calculated frequency, 125,000 ; current in secondary at resonance, about 
10 amperes. The results show that the frequency varied from 83,400, 
with an arc length of 3-8 mm. (0-01806 uF secondary capacity), to 123,000, 
with an arc length of 0-8 mm. (0-00871 uF). _The frequency thus de- 
creases with increasing arc-length, at first slowly and then more rapidly 
at arc-lengths of 3mm. or 4mm. At zero arc length the curve plotted 
cuts the axis of frequencies at a point corresponding to that obtained 
from the formula 2rn=./(1/LC). The frequency, further, increases 
with the inductance when the product CL is maintained constant ; it 
also increases with increase of the steady current through the are. ‘The 
frequency is, however, decreased by surrounding the are by coal gas in- 
stead of air, and by increasing the pressure of the air or gas. A formula 
for the frequency which expresses all the above facts is derivable from 
the arc characteristic ; this is, in its simplified approximate from, 
2rn=4/ (1/LC—d?l?/4 171?) 

where / is the length of the arc, d depends on the gas and the electrode, and 
J is the are current. The formula indicates that for a large change of 
frequency with a small change of arc current (as desired in wireless tele- 
phony) the inductance of the shunt circuit should be very small. For 
steadiness in operation, on the other hand, L should be large. (See p. 202.) 
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F. Mercer, experimenting with an arc carrying a feeding current 
between one and two. amperes, called attention in 1914 to the pro- 
nounced effect of the ratio of inductance to capacity in the shunt 
circuit, on the magnitude of the ocsillatory current produced in that 
circuit by the arc. The arc was used without magnetic blast. 
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Fie. 134. 

N. W. McLachlan, using an are with magnetic blast, conducted a 
comprehensive investigation in 1916 in which the power delivered to 
a resistance in the shunt circuit was measurcd when various factors 
were varicd. He found that there is a definite resistance for every 
value of capacity and frequency which absorbs the maximum power, 
and with fixed capacity and fixed resistance there is a definite in- 
ductance for maximum power absorption in the resistance. With 
given resistance and frequency the power and the efficiency increase 
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with the capacity up to a limit. Some of his data appear in the 


curves of Figs. 134 and 135. . Again, a diminution in the strength of 
the magnetic blast did not cause much alteraticn in the conditions 
of maximum power and maximum efficiency, cr in the fundamental 
frequency of the oscillations in the shunt circuit. Themost prominent 
partial in the shunt circuit was the second, and its magnitude, at any 


given value of the capacity, increased with the decrease in inductance. 


; 
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Although a great many investigators have attempted to give 
the rationale of the Poulsen arc, it was not until very recently that 
even an approximate understanding of its operation was attained. 
P. O. Pedersen points out that many early investigations are 
vitiated by the fact that the arc as set up in laboratories for inves- 
tigation has usually been working under conditions different from 
those of the Poulsen arc as used in practice. He calls the practical 
size of arc the ‘“‘ normal Poulsen arc.” Such an arc is one with at 
least 10 to 15 amperes direct current, and with, for example, a value 

./L/C=50 ohms.at wave length 1,000 m. In the normal are the 
arc is extinguished and ignited every period of the oscillation, and 
the ratio of the effective oscillatory current to the steady feeding 
current is 1—/2—0-707. Such an are gives maximum efficiency 
of conversion when the voltage across it is the least possible, and 
for this a definite gap and a definite magnitude of field are required, — 
whose values depend on the constants of the circuits. The arc will 
maintain oscillations for adjustments of gap slightly different from 
the optimum and great latitude in magnetic field is possible if the 
normal condition has not to be maintained. According to Bark- 
hausen, the connection between current and voltage at the arc 
during oscillation is as follows :—The arc burns for the greater part 
of the oscillation at a steady voltage, while the current rises and 
falls: when the voltage reaches a very low value the are expires 
suddenly, and the voltage falls to a low negative value in common 
with the condenser : it then rises, while the current is still zero, to a 
high value, perhaps tenfold the burning value, and the arc is ignited ; 
immediately the current is established the voltage falls to the 
burning value and remains practically steady while the current 
rises and falls in the oscillation. Barkhausen’s view is that the 
high ignition voltage is the essential element in the efficient working 
of the Poulsen arc, and that the hydrogenous atmosphere and the 
magnetic field operate by enhancing the ignition voltage. Pedersen’s 
experiments contradict this view as regards the normal Poulsen arc, 
through supporting it to some extent if the gap is much too long for 
normal. In the normal arc, in fact, the ignition voltage is 1 ot very 
high, and the efficiency of the normal arc is brought about alm st 
entirely by the high value of the voltage rise that occurs at the 
extinction of the arc, which was disregarded by Barkhausen. This 
rise of voltage at extinction has been shown previously to exist in 
the case of the musical arc by A. Blondel using his oscillograph, 
and it is now shown to be of paramount importance in the radio- 
frequency arc by Pedersen’s oscillograms obtained with Gehreke’s 
cathode glow oscillograph. It is, no doubt, the consequence of the 
negative gradient of the arc characteristic. 

With the correct arc gap and the correct strength of magnetic 
field, the oscillogram of the current through the arc is an almost 
complete sine-wave with small sections cut away from the troughs » 
near the maximum negative point , and the voltage rises and falls 
sharply at the extinction, and also at the ignition, point without 
becoming negative at any time. The arc is struck on or near the 
edges of the electrodes, is diiven outwaids by the magnetic field, 
is extinguished at the extreme position and ignites afresh at the 
edges, the process being repeated with great regularity in each 
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oscillation of the condenser. If the magnetic field is too weak the 
are is moved outwards and lengthened too slowly, and it may not 
be completely extinguished—or if extinguished it re-ignites at the 
last reached position—returning to the edges of the electrodes in a 
time that is some multiple of the oscillation period. This causes 
varying periods to arise in the radio current, reduces the resonance 
efficiency and gives an irregular and flattened resonance curve. 
Moreover, the voltage rise across the arc is not so great on extinction 
as on ignition, and acquires negative values between these two 
instants. On the other hand, when the magnetic field is too 
strong the are is moved outwards and lengthened so rapidly that 
the consequent rise of voltage is sufficient to ignite a new arc at 
the edges before the old one is extinguished, and this second arc 
increases at the expense of the first. In fact, three or more expand- 
ing concentric ares of increasing radii may simultaneously spam the 
electrodes. It may be noticed that when coal gas is used in fields 
that are too weak a layer of soft black carbon is deposited round the 
arc chamber and on the anode just outside the crater if the cathode 
is rotated ; but when the cathode is stationary the carbon is deposited 
asa horn of black hard carbon on the cathode instead of on the anode. 
In normal or strong fields very little carbon is deposited anywhere. 
Pedersen’s researches have established, besides the above new 
facts, that the most suitable intensity of the magnetic field is pro- 
portional to the density of the gas and to the magnitude of the 
feeding current, and that it increases linearly with the radio fre- 
quency resistance in the shunt circuit, and with the frequency of 
the oscillations. If the field be expressed in gau ses and the wave 
length in kilometres, an approximate formula for the case when the 
feeding current is 17 amperes, the ratio ,/(L/C) about 300 ohms, and 
the atmosphere coal gas, is 
(H-+-400)\=5,000. 
When the arc is in hydrogen the magnetic field may be about five 
times smaller. 


A. Rénholm has-made extensive experiments on oscilating arcs 
fo-med between electrodes of various materials under ether, the 
voltage of the supply being maintained constant (220 volts), and the 
current being adjusted by series resistance. For each value of this 
resistance certain greatest and least possible values of current were 
found between which oscillations were produced, and in passing 
between these extremes the voltage across the arc varies as a linear 
function of the current. On a diagram having voltage as ordinates 
and current as abscissz an area can be mapped out to include all 
adjustments of the resistance, current, and voltage, within which 
oscillations are possible. This area is found to increase with increase 
of capacitance and to decrease with increase of inductance in the 
oscillatory shunt ; and, also, to decrease with increase of resistance 
of the electrodes. The frequency of the oscillations increases 
with increase of current when the arc length is constant, and de- 
creases with increase of length at constant current, but remains 
independent of the material of the electrode. The oscillations con- 
tained every partial up to the fifteenth. 


B. Liebowitz has shown that if the voltag> current characteristic 
during operation of an are (or spark) discharger shows current in- 
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_ versely -proportional to voltage, the efficiency cannot exceed 
50 per cent., even if the terminal losses in the are were 
negligible. 


Are Plant. 


oe 

A large number of designs have been published. Deseriptions of 
the plant constructed by the designers of the Poulsen System will be 
found under “‘Systems.” The apparatus of Colin and Jeance will 
be found under “ Wireless Telephony.”’ A convenient design for a 
variety of purposes is that protected by J. A. Fleming in specification 
No. 3,963/1914, In this the carbon electrode is held vertically in 
heavy mineral oil with about } in. protruding, and a copper vessel 
is inverted over it to form the anode. When the are is burning 
between the carbon and the inside of the copper hat, oil evaporates 
and supplies the hydrogenous atmosphere. Excessive pressure of 
the gas is relieved by escape through small holes in the hat. Several 
hats can be put over carbon cathodes in the same oil tank and 
adjusted simultaneously by suitable gear. It is stated that four 
ares burn well in series on 220-250 volts and eight ares on 450-500: 
volts. | 

In designing are chambers it appears to be generally advantageous 
to make the chamber of the smallest possible dimensions. 


MERCURY ARCS. 


An improved method of generating sustained electrical oscilla- 
tions is described by F. K. Vreeland in No. 11,555/1915, who has 
discovered that the oscillations produced in a mercury are can be 
made much more energetic by causing the arc to be concentrated 
into an intense stream instead of being diffused throughout the tube. 
This concentration may be accomplished by admitting such gases 
as hydrogen or nitrogen to the tube in proper quantity, and may be 
assisted if desired by applying an axial magnetic field. The in- 
ventor prefers to take a highly-exhausted quartz tube with mercury 
electrodes, and then, after establishing the arc, to admit a small 
amount of the gas. The arc concentrates into a bright hot stream, 
and the terminal voltage is increased. Soon the gas disappears, and 
the arc becomes diffused again. Another addition of gas is then 
made with a similar result, and the process is repeated until absorp- 
tion of gas ceases, and the arc remains concentrated. The intensity 
and temperature of the arc and the voltage required to maintain it 
depend upon the pressure of gas in the tube. In general, the are 
becomes brighter and hotter and the terminal voltage increases as 
the gas pressure rises; but the tube will generate oscillations in an 
oscillatory shunt circuit over a wide range of gas pressures. Asan 
example, the inventor states that tubes with from 5 cm. to 10cm. 
between anode and cathode and containing hydrogen at a pressure 
in the cold tubes of from $ mm. to 2mm. of mercury, operate very 
satisfactorily with an applied terminal voltage of from 75 to 500 
volts. Asarule there is a minimum value of the current below which 
the tube does not operate satisfactorily. A quartz tube having a 
diameter of 5cm. and a length of 15 cm., from which the heat is 
carried off by an air blast or an oil bath, will usually carry a current 
of from 10 to 15 amperes in a stream 7 cm. long whose apparent 
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diameter islessthand5mm. Fig. 136 shows the design recommended 
by the inventor. Here there is a double arc having a single cathode: 
13 and two anodes 14, 15. An oscillatory circuit 16, 17, 18, 19 is 
shunted across the anodes. It is shown in the sketch as containing 


Fic. 136 


two inductances and two condensers so that the central point 20 can, 
if desired, be connected to the cathode terminal. The two arcs 
13, 14 and 13, 15, act on the oscillatory circuit in opposite senses, 
the current increasing in one when it is decreasing in the other, and 
these simul:aneous actions at opposite ends of the oscillating circuit 
produce a cumulative effect. The principal advantage of this 
arrangement over a single arc is 
that the cathode is eliminated 
from the oscillating circuit, and, 
therefore, the surface drop of 
cathode potential is avoided. 
Oscillations generated by mer- 
cury ares have been investigated 
by B. Liebowitz, who describes 
the arrangement shown diagram- 
matically in Fig. 137 as follows: 
A mercury vapour tube, T, is 
provided with two mercury 
cathodes, K, and K,, and an 
iron or graphite anode, A. The 
cathodes are connected to the 
negative terminal of the high- 
voltage generator E through 
their respective inductances L, 
and L, and resistances R, and 
R,. The anode is connected to the 
positive terminal of E through ae 


TM 


the inductance L;. Between the = 
cathodes is connected the oscil- Tpieigia Ts 
latory circuit, consisting of in- —WwwWy— 00000 
ductance 7, condenser (C, re- r U 
sistance 7 and switch Q. To Fia.‘137. 


facilitate the starting of the 
discharges the switch P is provided, which, if thrown to the 
right, connects cathode K, to inductance L,, and, if thrown to the 
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left, connects K, to anode A. When the switch is in the latter _ 
position, K, is an anode; the discharge from cathode K, can, 
therefore, be started by tilting the tube in the usual manner. After 
this has been done the switch P is thrown to the right and the tube 
is again tilted, which starts the discharge through K, without ex- 
tinguishing that through K,. During these initial operations the 
switch Q controlling the oscillatory circuit should be kept open. 
If the inductances L, and L, are sufficiently large, and if they have 
not too much distributed capacity, the parallel discharges between 
the two cathodes and the common anode are very stable. When 
the switch Q is closed the stability of the parallel discharges is 
destroyed, and, if the necessary conditions are fulfilled, oscillations ~ 
of nearly pure sine shape, but of varying amplitude, are obtained, 
the frequency of the amplitude variations being above audibility. 
The range of capacitance in the experiments was from 0-002yF to 
0-0002uF, and the ratio I/c varied between 10° and 10°. 


Are with Moving Electrodes. 


In 1906 Marconi produced continuous, or nearly continuous 
oscillations, of considerable power by means of the following appara- 
tus (Fig. 138) :— 
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Fic. 138.—ARc BETWEEN Movine ELECTRODES. 


An insulated metallic disc, A, is rotated at a very high speed by means 
of a turbine or electric motor. On each side of this disc and near to its 
rim are placed two other discs, C,, C., which are also rotated rapidly. 
These are called side discs. All the discs are perfectly smooth. The 
two side discs are connected by means of brushes to the outside plates 
of two condensers, K, connected in series, and these are in turn con- 
nected through resistances and inductances, I, to the terminals of a high- 
voltage direct-current dynamo or battery of accumulators, H. The 
main disc is connected through a brush to the inside plates of the two 
condensers, through another condenser, E, and an inductance coil, F. 
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This circuit is coupled to the antenna ©. When the condensers are 
charged to a sufficiently high voltage, a discharge occurs between 
the side discs a*d the main disc, and continuous, or nearly 
continuous, electrical cscillations are produced in the main disc 
circuit. 


The working of the apparatus is explained by Marconi as 
follows — 


Assuming that the generator gradually charges the double condenser 
and that the potential at the side discs becomes positive on the left and 
negative on the right, then, at a certain instant, this potential causes a 
discharge across one of the small gaps between a side disc and the main 
disc. Suppese this to take place in the right hand gap. This discharge: 
produces an oscillation through the inductance coil and condenser and 
this oscillation on reversing tends to pass from the main disc across the 
gap, hitherto not bridged by a discharge, since the condenser on that side 
is already charged to an opposite potential. Thus, at each reversal of the 
oscillation in the inductance coil, energy is picked up from the two 
series condensers which are kept charged by the generator. If the main 
disc were kept stationary an ordinary arc would at once occur across the 
gaps between the discs and oscillations cease. 


Combination of Ares. 


For the operation of Poulsen arcs the most convenient voltage is 
about 600. Thus a long range station using a single arc must employ 
large currents. To avoid this, attempts have been made to combine 
a number of arcs of ordinary capacity. A simple parallel arrange 


Fic. 139. Fig. 140. 


ment is useless, because the ares will not run in phase. Series 
arrangements are more successful, but hardly satisfactory. Pedersen 
and Poulsen, in specification 26,834/1913, explain methods of 
combination which are shown in Figs. 139 and 140. Each arc A is in 
its own circuit, which is tuned to the antenna, and-coupled to it by 
the coil P. Impedances I will, in general, include resistance and 
inductance. ; 


METHOD 3.—THE HIGH-FREQUENCY ALTERNATOR. 


The Alexanderson Alternator. 


This alternator is of the inductor type. Details of a machine 
which has an output of 2 kW at a frequency of 100,000 per second. 
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have been published. A section of the machine is seen? in 
Fig. 141. 

The inductor or rotor is a chrome-nickel steel disc about a foot diameter 
with 300 slots cut 3 in. apart near its edge, filledup smooth with phosphor- 
bronze wire securely anchored to withstand the centrifugal force of 80 Ib. 
on each filler. The rotor speed is 20,000 R.P.M., the peripheral ‘speed 
1,047 ft. per second (700 miles per hour), and the centrifugal force at the 


periphery is 68,000,times the weight of the meta there. By careful design 
a safety factor above 6 is assured. The main bearings are self-aligning, 
and lubrication is forced ; the middle auxiliary bearings (1, in. clearance) 
take up excessive end thrust, and steady the flexible shaft through the 
critical speeds (1,700, 9,000 R.P.M.). 

The field coils A cause a flux which traverses the laminated armature B, 
the armature or stator coils, the air-gap and the inductor. The motion 


of the latter alters the flux and generates alternating voltage in the 
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D=teeth of rotor. 
. Fic. 142.—Winpine DIAGRAM. 


stator windings C. These are wound, as shown in Fig. 142, in 600 slots 
cut in the face of the armature, the wire being quadruple silk-covered 
copper 0-016 in. diameter. By means of a graduated scale the air ga 
can be adjusted to various lengths. The smallest practicable is 0-004 in., 
the voltage generated being then nearly 300 volts; but the usual gap is 
0-015 in. and the voltage 150. For this case the regulation curves are 
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shown in Fig. 143.. The reactance of the winding is 5-49 at 100,000 
cycles, and therefore a condenser of nearly 0-3 uF is required to com- 
pensate it. This would be the antenna capacity in radiotelegraphic work. 
The ohmic resistance is 1-20. The maximum continuous load is 30 A at 
70 volts. The rotor was driven by a 10 u.p. shunt-wound motor 
running at 1,250 R.P.M., connected by a chain drive to an 
intermediate shaft running at 2,000 R.P.M.; which, in its turn, was 
connected by a De Laval gearing of ratio 10 to 1 to the flexible shaft 
of the rotor. 

In more recent machines, with 800 polar projections, a frequency of 
200,000 per second has been attained. 


2,000} 200 Roe 


Volts, 


200 | 


Fig. 143. 


For use with these alternators specia transformers have recently been 
built. It is stated that a 5 kW 200,000-cycle transformer is only 
one-twelfth the weight of a 5 kW _ 60-cycle transformer, while its 
efficiency is 98-3 per cent., as compared with 90 per cent. in the 
case of the latter. 


The Telefunken Machine will be found briefly described under 
“* Systems. ”’ 


Heyland’s Machine. 

An interesting type of high-frequency alternator is proposed by 
A. Heyland in specification No. 17,331/1914. The essence of the 
invention is that the active stator and rotor surfaces are differently 
subdivided in the direction of their movement, so that when one 
segment of the rotor iron is bridging the gap between two poles or 
teeth the next segment is not bridging the next gap, but is facing 
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one of the poles or teeth. Figs. 144 and 145 show two arrangements 

as examples. In Fig. 144 Sis the stator, R the rotor. The poles of 
the stator are indicated by numerals 1, 2, 3, 4, ...... The winding a a 
in which the high-frequency current is generated is so connected that 
a steady current fed into.it makes the stator poles on which it is 

wound alternately N and S. In Fig. 144 the rotor teeth 6 6 have a | 

pitch one half the pole pitch of the stator. Thus the flux leaving pole 3 
traverses the tips of the rotor teeth 6 b and enters poles 2 and 4. li 
another position half the rotor pitch forward, a rotor slot is opposite 

a stator slot and, apart from leakage, the only magnetic bridging is 


Fic. 144. 


the path of much greater reluctance offered by the teeth and body 
of the rotor. By placing a winding of copper in the rotor slots, as 
indicated by d d and cross-hatching, the field of the rotor is neutral- 
ised by the induced currents. Another arrangement of copper and 
iron is shown on the right of the figure, where the iron bridge pieces 
c ¢ are inserted in a conducting body. In this case the counter 
ampere-turns are produced in the solid metal. 

Fig. 145 shows another construction. The stator has alternate 
teeth of different widths, and the rotor has a slot pitch -equal to 
the larger slot pitch of the stator and double the smaller slot pitch. 
In the position shown the flux circuit of the pole 4 is closed over b b 


and the poles 3, 5, while the magnetic circuits of-poles 2, 6 are longer, 
being through the rotor body. Conditions are exchanged on moving 
the rotor forward by half of its pitch. Thus, the flux in pole 2 pul- 
sates in opposite phase to that in pole 4, while the flux in poles 1, 3, 5 
does not pulsate. The winding a a on poles 2, 4, 6 is connected as if 
these pales were of alternate polarity, and therefore the induced 
E.M.F.s are added. For excitation there is a winding, e e, arranged 
so that poles 1, 3, 5 become north poles, and 2, 4, 6 south. No 
E.M.F. is induced in this winding, since the flux pulsations are con- 
fined to poles 2, 4, 6. The inventor lays stress on the advantage his 
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design possesses of having closed windings on the rotor; these 
counter ampere-turns serve to reduce the rotor dispersion and to 
carry compensation currents corresponding to the load. 


Rudolf Goldschmidt’s Machines. 


ALTERNATOR OF INDUCTOR TypE.—The principle of this type of 
machine is shown in Fig. 146. Here S is a winding energised by 
direct-current from the source E, which is protected by the choking 
coil D from the action 
of the alternating-currents 
which arise. R is a rotat- 


ing mass of iren making p 4 

revolutions per second and 4 

producing in the winding Sp - 
D 


S a voltage of frequency f 

The corresponding current Aut, 
flows across one of the J 

groups of inductances and 
condensers and _ reacting 
with the rotating iron pro- 
duces a voltage of fre- 
quency 2f, which in turn 
flows through the machine 
and another condenser and 
inductance suitably tuned, 
and so on. ‘The current that is to be utilised is the last of the 
series of transformations, and is of the frequency to which the 
antenna is tuned. 


Fic. 146. 


REFLECTION ALTERNATOR. 


The form adopted in practice is indicated in Fig. 147. Rotor and 
stator carry single-phase windings. Rotor R is short-circuited on 


Rotor 


o. 


Fie. 147. 


itself, whilst the stator is short-circuited for alternating current 
by the large condenser C. 8S being excited with direct current, 
currents of the frequency f will flow in R. Consider, now, R as the 
primary, and split up the alternating field due to the rotor current 
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into two components revolving synchronously relative to the rotor, 
but in opposite directions. One of these components, that revolving 
backwards, will be stationary, and forms the rotor reaction on the 
field produced originallyby the continuous current. The second 


‘component has the speed 2p, and induces currents of the fre - 


quency 2xf in the.xeter. Splitting up these currents again into a 
‘““reactive’”-and an ‘“‘ active ’? component, the latter creates currents 
of 3xf periods in the rotor. 

Stator and rotor winding might be compared with a stationary 
and a revolving mirror, between which the electric power is reflected 
like rays of light. Due to the movement of one of the “ mirrors ” 
the frequency rises at each reflection, and the smaller the absorption 
of power by the mirrors themselves (7.e., the less the circuits are 
damped) the higher the efficiency. Hence the alternator may be 
called a “‘ reflection alternator.” 

It is demonstrable that the reactive and the active fields nearly 
compensate one another, and that only the last field (highest fre- 
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Fig. 148. 


quency) exists fully. Consequently only the latter causes the full 
iron losses. This is one of the advantages of frequency transfor- 
mation in a single machine. 

Fig. 148 shows more complicated connections for the machine, 
illustrating the principle of tuning and filtration. The stator 
S being excited with continuous current from the battery B, 
the rotor currents of the frequency f pass over C3, D, and C,. The 
condenser C; compensates the self-induction of the rotor, whilst D, 
and C, are in resonance at f periods. The stator currents with 2f 
cycles flow across C, (compensating the self-induction of 8), D, and 
C,. D, and C, are in resonance at 2f periods. The rotor currents 
of the frequency 3f pass across C;, this condenser with C, tuning the 
rotor windings to this frequency. ‘The currents of frequency 4f 
flow into the antenna, which is adjusted to frequency 4f. D,C, 
being out of tune for 4f, only a very small current of this frequency 
passes through this shunt to the antenna. 

The first machine of this type was built in 1909. Its output was 
123 kW at wave length 10,000 metres, with an efficiency of about 
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80 percent. Its output was 9 kW at a wave-length of 5,000 metres. 


Since that date machines rated at 150 kW have been built. The 
iron used in their construction is the form of extremely thin lamina- 
tions, worked at low flux density. 

In all these machines the frequency of their current is determined 
by the speed of the rotor. In an alternator making four reflections 
variations of rotor speed are multiplied four times in absolute 
amount. Moreover, since the act of signalling imposes a varying 
load on the machine (unless, indeed, the method of switching to and 
fro between a mock and a real antenna be employed) there was. 
originally some difficulty in applying the alternator to practical 
wireless telegraphy. R. Goldschmidt has very ingeniously sur- 
mounted this difficulty. Signals are made by making and breaking 
the exciting current of the alternator and simultaneously charging 
the field current of the driving motor by the correct amount to 
keep the speed constant. The driving motor is said to be of very 


E=Voltmeter. 
J=Ammeter. 
w=Frequency meter, 


Fig. 149. Kia. 150. 


special construction, and the variation in output, speed and wave- 
length are claimed to be less than one-tenth of 1 per cent. in actual 
operation. (See also under ‘‘ Systems.’’) 


* Various Electrodynamic Machines. 


—_ 


FITZGERALD DYNAMOS. 


G. F. Fitzgerald showed in 1892 that if a series dynamo be con- 
nected to a condenser, oscillations arise and are maintained in the 
circuit. (Fig. 149.) The period is given by the ordinary formula 
T'=27 / LO, so it is evident that the frequency obtainable from an 
ordinary dynamo must be very low. In 1907 R. Riidenburg pointed 
out that a special motor is not necessary for driving the dynamo, 
since the same machine can run simultaneously as a D.C. motor and 
an A.C. generator. Also if inductive connection be established 
between field and armature (Fig. 150) and the brushes shifted and 
short-circuited, an arrangement similar to the repulsion motor is 
arrive ' at and oscillations arise in the condenser circuit. 
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PatTTren ALTERNATORS. 


J. Patten, in 1894, proposed a method of generation of alternating 
current by connecting homopolar alternators in cascade, the armature 
of one feeding the field of the next. If the voltage generated in an 
armature is d(coswt) /dt with D.C.excitation, then it is d(cospt.coswt) /dt 
when the field current is of frequency p/2r. But 

_ 2 cos pt . cos twu=cos (p—w)t-+-cos (p+-w)t 
and therefore the generated voltage contains two frequencies. By 
aid of resonating condensers the higher frequency may be selected at 
each step. 

J. Bethenod has constructed and studied machines designed on 
the above principles. E. R. Clarke in British patent 22,987/1911, 
has also described a machine that utilises the above equation. In 
this the bulk of the inductance of an oscillatory circuit is arranged as 
the field coils of a homopolar machine, and radial members of the 
circuit are rapidly rotated in the oscillating field so as to cut the lines 
of force. The machine is excited by a tuned oscillatory circuit 
containing a small spark gap. 


METHOD 4.—FREQUENCY CHANGERS. 
Frequency Changers in Ceneral. 

In the wide sense, any alternating-current generator may be re- 
garded, or adapted, as a frequency changer. Those without moving 
parts will chiefly be considered below. They are usually used for 
raisng a frequency of 10 000 or less to a value suitable for delivery 
to an antenna, but might be used for converting a low spark rate into 
a high musical tone. Several of the schemes described below may 
be used for lowering the frequency of received oscillations to a fre- 
quency within the limit of audibility. 

One class of transformer is based on the well-known theorem that 
the sum of » voltages and n phases from a multiphase generator is an 
alternating voltage of which the frequency is » times that of the 
original polyphase current. The amplitude of the voltage of n-fold 
frequency is greater the more exaggerated the corresponding har- 
monic in the supply from the multiphase generator. Thus the 
multiphase current applied to the primary or primaries of a single 
transformer or of a number of transformers will yield a single-phase 
multiple frequency current in the secondary or secondaries. L. 
Bouthillon has generalised the preceding theorem and stated it as 
follows :— 

If in a conductor there are superimposed yu periodic voltages of frequency 
f, identical except that each one is out of phase in regard to the preceding 
one by an angle 27rn/u, n being a whole number, the frequency of the 
resulting voltages is equal to the product of the frequency f of the elemen- 
tary voltages by u/d, where d is the greatest common divisor of » and u, 
and the amplitude of the fundamental term of the resulting voltage 
is equal to the product of wu and the amplitude of the harmonic 
of the order u/d in the Fourier development of the elementary 
voltages. 

Various methods of carrying the theorem into practice have been 
designed, and Bouthillon has devised a high-frequency alterna 
utilising the theorem. 
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Frequency Changers Utilising Properties of Iron. 


In general, unsymmetrical alternating currents or fluxes are first 
created by aid of various physical phenomena of iron, and these are 
then combined inductively, with appropriate phase difference, in 
another circuit. Amcng the phenomena that have been suggested 
are certain consequences of recalescence, of relative motion between 
iron and a magnetic field, of the superposition of perpendicular fields, 
and of the superposition of fields in the same direction. This last 
involves the phenomenon at present most utilised, namely, the non- 
linearity of B and 4H. Pusha H 

Two types have been elaborated (largely by M. Joly), one doubling 
the frequency, the other tripling it. 


FREQUENCY DOUBLERS. 


In most examples there are two similar magnetic circuits with the 
iron in each magnetised by a steady current up to the point of 
maximum permeability. The primaries are in series, consequently 


Fia. 151.—VALLAURIS DOUBLER. 


in one magnetic circuit there is a small increase of flux, and in the 
other a large decrease, during the same half cycle. A secondary 
winding, linked with the two magnetic circuits so that the above flux 
alterations oppose each other, then experiences in each complete 
cycle of the machine two E.M.F.s in the same direction. 

Vallauri’s design is shown in Fig. 151. At C is placed an apparatus ' 
for preventing the flow of double frequency induced current in the 
D.C. circuit, e.g., a large choking coil, or one winding of a small 
transformer with a current from the main double frequency circuit 
flowing in the other winding. 

Another design, by Plohl, is shown in Fig. 152. Two rings Rj, Re 
carry both direct and alternating current-windings, these being 
arranged so that at an instant when the fluxes in Rj conspire those in 
R, are opposed. In the ring R, the alternating fluxes due to w, w 
always conspire. Thus in the winding s there is a voltage of double 
the original frequency. A design similar to this has been used by the 
G. fir D.T. (See under ‘Systems.’’) 
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Fig. 154.—PRINCIPLE oF TAYLOR’S ARRANGEMENT. 
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FREQUENCY TRIPLERS. 


Maurice Joly, in 1911, showed how to obtain threefold frequency 
from a single phase, and A. M. Taylor has made a further advance by 
utilising three-phase current in a somewhat different manner. Joly’s 
method is illustrated in Fig. 153, A sine wave can be split up into a 
flat-topped wave 9, and.apeaky curve ¢». Thus,.f a sine wave voltage 
be applied to the primary circuits A and B of a satut ated and un- 
saturated transformer, waves of flux of the forms 9, and ¢» are 
obtained, and the induced voltages in the ‘secondary windings, if 
these windings are-connected in opposition, have as their, differ - 
ence the wave ¢,—9., which is of triple frequency. 

A. M. Taylor’s method is shown in Fig. 154, where the connec 
tions are for single-phase current. The saturated transformer absorbs 
the voltage E—D, and the wave form of the current is shown by curve 
C. This current produces in the unsaturated core of the lower 
transformer in the Figure a flux which follows closely the current 


Fig. 155.—PRESENT FORM OF T'AYLOR’S TRIPLER. 


wave, and therefore the secondary voltage has the wave form shown 
in the bottom sigure If this arrangement is repeated onthe three 
phases of a three-phase supply, the summation of three such 


curves as D gives a triple frequency wave of constant amplitude. 


The practical arrangement of the circuits is shown in Fig. 155, 
where the upper three closed magnetic circuits are saturated and the 
transformer core below is unsaturated. The dimensions of an actual 
transformer and of the saturated choking coils are shown in Fig. 15%, 
in the columns headed 7 kW. A curve of regulation for the secondary 
load is shown in Fig. 157. The other columns in Fig. 157 relate to a 
28 kW transformer under construction, which is estimated to have an 
efficiency of 86 or 88 per cent. The inventor points outjthat if 
there were 9 phases of supply instead of 3, and 9 choking coils with 
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one common working transformer, the voltage in the secondary 
would have nine times the primary frequency. The durations of the 
secondary voltages would, however, overlap and partly nullify one 


B! s- 
C| 975 


G| 50 [12.0 | 
10-5 | 240 
2:75 
180 | 30- 


All dimensions are In meohes 
Fic. 156.—DimENSIoNnS or A. M. Taytor’s TRIPLER, 


another, but this defect can be avoided by generating a voltage 
wave in the primary generator which is not a true sine wave. In 
a similar way the step-up in frequency might be increased 27 fold. 


20 40 60 80 100 120 140 160 
Amperes in Secondary, 


Fic. 157.—RuauatTioN oF FREQUENCY CHANGER (TAYLOR’S). 


Polarised Frequency Doubler. 


Miroslav Plohl has designed another type of frequency changer 
which may be styled, briefly, a polarised transformer. Fig. 158 
shows the essential principle simply. An iron ring R,, has two 
windings, G, connected to a supply of continuous current, W, to 
alternating current. During one-half of the alternating-current 
wave the magnetic fluxes join up and, with small leakage, follow the 
iron path ; during the other half of the wave the fluxes oppose each 
other, and there is a great magnetic leakage across the air space 
within the ring: The leakage flux is always in the same direction 
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across the airspace This is expressed graphically in Fig. 159, where 


_ the straight line, g,, refers to the continuous current, w ; to the alter- 


nating current, and m, to the magnetic leakage. Now, suppose a 
second ring arranged so as to produce a magnetic leakage in the same 
direction as the first, but alternately, the corresponding lines in the 
diagram are gj, wz, and m,. Then if an iron core, wound as indi- 
cated in Fig. 160, be supplied, the secondary alternating current 


Fic. 158. Fig. 159. 


induced in the drum winding will be of double the frequency of the 
primary alternating current. Pieces of apparatus such as this may 
theoretically be arranged in cascade, but in practice one and the 
same apparatus is always used in combination with suitable tuning 
elements, as shown in Fig. 161. W,, W, are the alternate-current 
windings of two rings, S is the secondary winding, E an alternator 
with frequency », connected to the windings W,, W.. The con- 


Fic. 160.—PLonHw’s DOUBLER. 


tinuous-current windings are not shown. JD is a choke coil for pro- 
tecting the alternator. The conductor from $ is connected to one 
terminal of each of the tuning elements A,, Ay, A,, Ay. The current 
of frequency flowing in the windings W,, W,. produces current of 
frequency 2n in the secondary windings 8; this passes through A, 
and back to the winding W,, W,, if the A, circuit is tuned to the 
frequency 2n. The current of frequency 2n similarly produces 
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current of frequency 4” in the secondary 8, which finds its way 
through A,, if the A, circuit has natural frequency 4n ; and so on till 
finally current of frequency 32n flows through the appropriately 
tuned primary-circuit of the transformer T. 

It should be mentioned that the inventor points out that by 
working the apparatus in the reverse direction it may be used as a 
receiver in wireless telegraphy or telephony. or this purpose the 


received oscillations are conducted into the alternating-current | 


winding of Fig. 158 by aid of suitable tuning. Then there appears 


Fic. 161.—CoNNECTIONS oF PLOHL’S FREQUENCY CHANGER. 


across the air space within the ring a unidirectional magnetic 


field which can affect either a polarised relay or a a 


diaphragm. 


Rectifying Devices for Doubling Frequency. 


The use of valves has been proposed in many varieties. A typical 
example is that of Fig. “162, where a transformer is shown with two 
similarly wound primaries, and one secondary, each primary having 
a valve in series with it. When the primazies ave connected in 
pazallel to an alternator, current of double frequency is generated 
in the secondary when this is made resonant to that frequency 
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n fez arcangement, used by J. Zenneck acd een is ise in 
aie nos a single primary is used. with four valves, and the 


Fia. 162.—FREQUENCY DOUBLER. Fila. 163,—Frnquency DOUBLER. 
Two VALVES, ; Four VALVES. 
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MISCELLANEOUS METHODS. 


GENERATION OF OSCILLATIONS BY AID OF IONIC TUBES. 


A coil possessing inductance with its ends connected to the plates. 
of a condenser, or with merely the distributed capacitance of its 
surface, is a familiar example of a vibratile circuit, and has as its 
mechanical analogue the pendulum of a clock 
or the balance wheel of a watch. Pendulums 
and balance wheels can be sustained in vibra: 
tion by properly timed pushes transmitted 
from the mainspring through the escapement, 
the timing being accomplished by the vibrat. 
ing member itself. Similarly a vibrating elec- 
trical system can be sustained in oscillation if 
properly timed E.M.F.s are applied; and the 
timing can be done by the vib ‘ation of the 
Hig. 164. system itself. The ionic amplifier with three 


electrodes can be arranged as an escapement, ~ 


but before going into details of the connections it will be of advan- 
tage to discuss some general principles. 
Consider the vibrating system represented in Fig. 164, and sup- 
pose the voltage v= V sin wt applied from PtoQ. Then the currents 
flowing are :— Wave 
Degas wt—zT), to 7 (R41 C20?) m | wf + _ RCo” 
Neue Vo/ (B24 X*) 
CO eee ira 
Dwv/ (BR?+1/C%u*) 


and 


/ A 
Coe) 


where X=Lw—1/Co, and the other Symbols (with their positive - 


directions) are explained by Fig. 164. 


Vv 
Lo 
Os 
Lwly 
Se Se f 
KS L;, 
Re 
Fic. 165.—CtLock DIAGRAM OF Fic. 166.—Ciock DIAGRAM OF 

VOLTAGES. CURRENTS. 


If these results are placed on an Argand diagram the E.M.F.s are 
as shown in Fig. 165,"where one line expresses that the voltage drop 
along the inductance is Lul;=V, and the right angled pair of lines 
states that the voltage drop in the parallel arm is R/¢ in the resistance 
and I¢/Co in the condenser, which together make up V. In Fig. 166 
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is a current diagram in which the two branch currents are shown on 


equal scales. The total current J appears in the diagram as small 
relative to the others, because these latter are almost opposed in 
phase and not very different in magnitude. To illustrate, take the 
case of resonance—that is, the case when the 
applied E.M.F. is of the same frequency as that 4 
natural to the circuit. When the resistance is 
small enough the phases of the branch currents 


u 


are almost opposite, and the total current is 


the system of currents as made up 4s a circu- 
lating oscillatory current ic, together with a 
superposed current 7 in the inductance to make 
up ¢7, as indicated in Fig. 167. The smaller the 
resistance the smaller 7, and with vanishing 
resistance under resonance conditions a very large oscillatory 
current can be sustained in the closed circuit with infinitesimal 
values of v and 7. 

Similar conclusions are obtained for the case of a coil possessing 
inductance and distributed capacitance, since for approximate pur- 
poses such a coil may be replaced by a pure inductance closed by a 
condenser. 


Ionic Relays as Escapements. 


In the application of the ionic tube with separate control and repeat 
electrodes to maintaining oscillations of nearly the natural period of 
the oscillator, this is included directly or indirectly in the repeat 
circuit and its oscillations are arranged to vary the potential of the 
control electrode relative to the filament. In producing these varia- 
tions of potential a certain amount of the energy of the oscillations is 
absorbed ; but within the working limits the amount given by 
the repeat battery to the oscillator is much greater than that lost 
to the contro’. The precise relation between the alternating com- 
ponent of the current in the repeat circuit and the voltage applied 
across the closed oscillator is prompted by the properties of the valve 
and the nature of the linkage between 
oscillator and control circuits, and fit 
must also conform with the equation 
connecting v and 2 in a preceding para- 
graph. These factors collectively deter- 
mine the frequency of the oscillation as 
actually generated. For example, in the 
circuit represented in Fig. 168 the linkage 

Fic. 168.—lonic Retay bet een oscillator and controller is by 

AS ESCAPEMENT. mutual inductance M, If it be supposed 

that the grid-filament capacitance is so 

smail that almost no current flows in the controller, and that 
the spires of the two coils run the same way, the voltage induced 
isja quarter period in advance of the current in L, the arrows 
in the figure showing the directions taken as positive; but 
the voltage across Lis a quarter period in advance of the current 
in L; therefore it is in phase with the control voltage. Now it is 


their numerical difference approximately, and i = Cor 
is very small. It is very convenient to regard PS 
i 


) 
Fic. 167 


_ known that when the grid potential is yaried relative to the filament 
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there is in general a more or less proportional variation of repeat 
current, supposing the voltage applied between anode and filament is 
substantially constant. Thus, assuming that an increase of repeat | 
current follows immediately the rise of control voltage, it is seen that 
v andi must bein phase. Hence, from the analysis above, the period 
of the oscillation agreeable to the chain of circumstances postulated | 
is given by equating to zero the phase angle marked a in Fig. 166, 
which leads to 


NS 


or w= seis adie) 

: LO—R?O?. LC | 
The natural frequency of the oscillator is, 1t may be remarked 

given by 


b Be ene 
SEC Mee 
and is, therefore, slightly smaller than the above frequency. 


TEE 
psn een Sarees age 7? ie bee 


@” 


a7 g i i 


Microamperes. 


Volts. . 
Fic. 169.-CHARACTERISTIC CURVES OF A THREE- ELECTRODE [oNIC-TUBE 


(VALLAURI). 


A fuller treatment must take account of the addition, positive or 
negative, of the sinoidal voltage v to the steady voltage H. G. 
Vallauri and Marius Latour have independently shown how this may 
ye done for small oscillations. Taking, for instance, the curves of 
Fig. 169, which are from a Paper by Vallauri, the central portions are 
almost straight, and the spaces between the curves in the central 
region are proportional to the steps in the anode voltage ; hence, a 


242 


GENERATION BY IONIC TUBES, 


first degree equation may be found connecting the three variables, 
and we may write 
Va=hyva thveth, 

where 7, is the current from anode to filament inside the tube, v, is’ 
the P.D. between anode and filament, v, is the voltage between grid 
and filament, and h,, h, and h, are parameters; deduced from the 
characteristics. The values of the parameters for a particular tuke: 
are given by Vallauri as y 

hya=16-8, hz=28-0, h, = —69-5 
where tq is in microamperes and v, and », are in volts. 

This view of the characteristics is a simplification of the actual 
state of affairs, which is represented by writing i,—f(vg, vc), and 
is equivalent to regarding the character- 
istic curves as contour lines having v, con- 
stant, drawn on the surface iz=f(vy, UV.) 
plotted with vz, v, and 7, as the three 
cartesian co-ordinates. This simplified 
equation has been applied by Latour to 
the amplifier (q.v.), and by Vallauri to 
both amplifier and generator. The 
latter investigato: solves the case shown Fic. 170.—-OScILLAT- 
in Fig. 170, when pune Valves Tine thet ens vee: Cymenire 
characteristics of Fig. 169, and when (VALLAURI). 
the control electrode is under the MURR 
steady potential #, represented by the marked point on the 25-volt 
contour. He finds that the frequency is given by the equation, 

1 1+h,(R+R#’) 
LC 14+h,R’ 
that the value of M@ must satisfy the equation, 
M='h,L+RCA+A RB’)! [he 
and that the coupling is 
i th vf L+(1+haR)S\/ hy 
; TAaV/ Le 


w~ 


The coupling is least when 
EL (+h R’5) ? 


Cu fi, ) 
where 6 is the decrement of the closed circuit. Asam illustration the 
following numerical data are given: h,—16-8 10-8, h;=28 x 10-8, 
K’=10,0002, 6=0-04, whence L£/C=7-84X10. Taking LC 
=4>10-, and, therefore, w=5x10° anl A=3,770 m., it follows. 


» that. L=1,770 pH, C=0-00226 pF, R=11-30, M=2,125 pH 


If k=50 per cent., then L,=10,200 »H, and the spires in the two: 
coils must be placed so that the magnetic flux produced by the 
currents in the direction indicated by the arrows are opposed in the 
main. It is to be noted that the calculated frequency is higher than 
that natural to the closed circuit by only 1/100th of 1 per cent. 

The frequency for the circuits shown in Fig: 168 is given by the- 
formula 

wo =1—C {L+ R (hgh —hM)} i 

J. Bethenod has followed up the work of Latour and examined the: 

influence of small currents flowing in the grid circuit, and re-acting. 
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oh the closed circuit. In his treatment it is assumed that the vari- 
-able component of the grid current is connected by a linear relation 
~with the anode and the grid potentials. ; 

A circumstance tending to complicate calculations is the capaci- 
tance possessed by the control electrode relative to the filament. 
This capacitance may be as large as 20 e.s.u. in small valves. Its 
effect is to increase the current running in the control circuit and to 
disturb the phase relation between current and E.M.F. The phase 
relations may be varied by altering the amount cf inductance in the 
control coil, and this usually leads to the control circuit being given a 

natural frequency closely approximating to that of the closed circuit 
associated with the anode. This adjustment to resonance also brings 
-about a higher voltage on the grid for a given small current, which 
‘is usually an advantage. With long waves, however, the distri- 
‘buted capacitance of the coil may introduce indefiniteness and then 
the closed circuit L’O’ of Fig. 171 may be adopted. The formule 
given above for the voltage and the current at the ends of a closed 
circuit may be applied to this case to show that by adjustment of the 
ratio L’ to ©’, keeping their product nearly constant, the phase 
difference between v, and 7, may be varied through a wide range on 
either side of zero phase difference. 
Thus the disturbing influence of the 
capacitance between grid and_fila- 
ment may be reduced or eliminated. 
Similar remarks may be applied to 
the repeat circuit, for the capacitance 
between anode and filament is usually 
of the same order as that between 
Fie. 171. erid and filament. Further, the capa- 
citance between pairs of the three 
electrodes in a tube may even be sufficient to give between con- 
trol and repeat circuits that amount of retroaction necessary to 
maintain oscillations; or again, may appreciably assist or partly 
cancel the retroaction designed to take place outside the tube. 
Evidently, much depends on the geometrical relations of the elec- 
trodes and on the frequency of the oscillations traversing the tube. 

The General Electric Co., in U.K. specification No. 12,564/1915, 
show means of removing a difficulty that arises out of the existence 
of capacitance between the control and repeat electrodes in such 
tubes as the pliotron. This is done by arranging a connection 
between erid and filament of low impedance to radio current, but of 
high impedance to audio current. The connection preferably con- 
sists of a condenser and inductance in series tuned to the radio 

‘frequency. 

Another complication arises from the possibility of a conduction 
current being superposed upon the capacitance current mentioned 
above as flowing between grid and filament. The grid collects elec- 
trons in the tube, which is equivalent to the passage of a positive 
current from filament terminal to grid terminal outside the tube. 
Since in the tubes under discussion there are supposed to be no 
free gas molecules, and therefore no positive ions, the conductance is 
unidirectional, and a degree of rectification proceeds throughout the 
course of the oscillations if the grid ever attains positive potentials, 
“This greatly enhances the difficulty of accurate mathematical treat. 
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ment, and introduces physical asymmetry into the amplitude and 
other departures from the sinoidal character of the oscillations. 

In the above scheme of connections there is a closed oscillatory 
circuit in both control and repeat circuits, and in the connections: 
previously discussed a closed circuit appeared only on the repeat 
side. It is possible to work with the closed circuit on the control 
side only as shown in Fig. 172. So far as calculation goes it is: 
mathematically possible to conceive the coupling between two sides: 
as bringing a closed circuit effectively into either. In fact, the closed. 
circuit may be a distinct unit without conducting connection with 
either control or repeat circuit, but linked to both by an inductive 
coupling, as, for example, in Fig. 176. 

The point of view adopted throughout the preceding discussion: 
may be varied slightly by regarding the tube as a conductor whose 
resistance is variable principally by the voltage applied to the control 
electrode. Under this aspect the operation of the tube may be 
summed up by saying that properly timed rise and fall of resistance 
bring periodic increases and decreases of repeat current across the 
oscillator, and sustain its vibration. It now becomes apparent that 
the series arrangement so far discussed, in which oscillator and 


Io 
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Hie. 72: Fie. 173:—Constanr Cur™ 
RENT METHOD. 


variable resistance are connected ir series under a constant voltage, 
may be replaced by a parallel arrangement in which the oscillator 
and variable resistance are connected in parallel under a constant 
current. This arrangement is shown in Fig. 173, and may occa- 
sionally be advantageous. The choking coil H must be of sufficient 
reactance to hold the current [, effectively steady. Then a fall in. 
value of the resistance of the tube will lead to an increase of the 
current entering the tube by the anode, and, since J, is constant, to: 
an increase in the current ¢ across the oscillator. The phenomena 
in this constant current mode of operation run much the same course 
as already described for the constant voltage connection. 

All the above formule are deduced on. the assumption that the 
amplitudes of the oscillating voltages and currents are such that the 
representative point in Fig. 169 follows a straight line, which. is 
equivalent to saying that they are supposed to be infinitesimal. 
The straight line fol owed is in general not a tangent to a contour 
curve, but one inclined forwards from the tangent as indicated by 
the chain dotted line through the 25-volt point in Fig. 169. The cause 
of this forward inclination is the algebraic addition of the alter 
nating component to the steady E.M.F. 2. In actual operation, of 
course, the amplitudes are finite, and by urging the tube may be made: 
so big that the representative point runs on to the*parts of the con- 


245 


Handbook of Wireless Telegraphy and Telephony (Eccins). 


tours parallel to the v, axis on both sides of the axis of ordinates. 
If the chain dotted line in Fig. 169 be prolonged to cut these portions 
parallel to the v, axis, it-will be seen that in order to obtain sym- 
metrical movement of the representative point, and therefore 
approximately sinoidal vibrations, it is necessary to take the initial 
point in the negative part of the figure; that is to say, a negative 
voltage must be kept applied to the control electrode, that marked 
in the figure being about —7-5 volts. This consideration might be 
sufficient to procure conditions of the best efficiency in operation 


ee 6) Uc ++ 
Fic. 174.—D1acRam oF CoNTROL CURRENT AND VOLTAGE IN A 
HARD TUBE. 


were it not for the fact that the current flowing from grid to filament 
ander positive voltage is considerable, and increases rapidly with | 
increase of voltage as indicated diagrammatically in Fig. 174. Thus, 
to avoid losses of energy in the control circuit it is best to prevent 
the representative point travelling far into the positive region of the 
diagram. In other words, the grid should be kept at a rather 
greater negative potential than indicated above. Fig. 174 also 
shows that the losses in the control circuit will be smaller under 
high anode voltages than under low. 

Another factor that will increase the travel of the representative 
point into the positive region of the diagram is its forward slope from 


Fia. 175.—GENERATING VALVE APPLIED TO ANTENNA. 


‘the tangent of the contour. This forward slope may be reduced by 
placing a suitable large condenser & across the battery, as indicated 
in Fig. 175; for if the voltage on the plate now tends to rise or fall 
from that of the battery the condenser can momentarily make up 
for the variation, thus tending to keep the representative point on 
the contour. Apart from this, the use of a condenser is of direct 
advantage by sparing the oscillating currents the passage through the 
high resistance of the battery. It must be remarked that even if 
the representative point be made to follow a definite contour line the 
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alternating current generated departs greatly from the sinoidal ideal 
if the representative point runs on to the portion parallel to the v, 
axis. A further consequence, which is especially evident when the 
grid is not very negative, is a fall in the average value of the current 
entering the anode when the oscillations start. 


Musical Note Emission and Keying. 


Many inventors have proposed methods of breaking up into 
trains of audible frequency the continuous oscillations generated by 
a valve. Since the’amplitude of the oscillations generated depends 
greatly on the filament temperature, and on the voltages perma- 
nently applied in the control circuit or to the anode, it is clear that 
the use in any of these circuits of alternating current instead of the 
direct current supplied by the batteries shown on the sketches, will 
produce musical signals of the same (or double) frequency of 
the alternating current. Besides this, various modes of connec- 
tion utilised in are work suggest themselves. 

The manipulation of continuous waves generated by valves for 
the purpose of producing morse signals is most easily effected by 


ae 


Fig. 176.—Oscituatine VALVE (MEISSNER). 


placing a key to short-circuit the control coil, or to interrupt its 
circuit, but may also be managed by arranging a key to interrupt 
the filament current or to reduce it partially. It is possible, besides, 
to stop the oscillations or reduce their amplitude by connecting the 
key so as to im ose anegative voltage on to the grid. Obviously, also, 
when the high voltage in the repeat side does not exceed 100 or 200 
volts it is easy to interrupt that circuit by aid of a morse key. Other 
suggestions for keying will be found in the section on Wireless Tele- 
phony, where variations in the waves radiated are effectd by a 
microphone or its equivalent. 


Practical Examples of Generating Circuits. 
TELEFUNKEN CIRCUITS. 


The application of the above principles may be seen in the following 
selection of diagrams and descriptive matter from patent specifications 
and journals. One of the earliest circuits is that shown in Fig. 176, 
due to A. Meissner. It is at first sight more complicated than more 
modern oscillating circuits, but is essentially the same. For the 
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periodic circuit I, being coupled to coil a in the anode circuit’ and by 
coil B to the control circuit, has the effect. of introducing a periodic 
flywheel circuit into each of them. Areo and: Meissner disclose a 
mcde of operation in specification No. 252, 1914... An example is 
shown diagrammatically in Fig. 177, in which an antenna is being 
excited. The closed oscillation circuit 3], consisting of a capaci- 
tance 29, and an inductance 30, is connected on the one hand with 
the cathode 2 and the control electrode 4 through the circuit 7 by 
coupling the winding 30 with the wind- 
ing 8, and on the other hand with the © 
cathode 2 and the anode 3 by the cir- 
cuit 9. If the closed circuit 31 is ex- 
cited in any way in its own frequency, 
for example, by charging the con- 
denser 29 by the source of energy 10, 
these oscillations act through the cir- 
cuit 7 on the control electrode, cause 
stronger oscillations in the repeat cir- 
cuit 9 and so further strengthen the 
: original oscillations in the circuit 31. 
2B This strengthening process is finally 
Pie Avie ee ee limited by the absorption of energy in 
the tube. The frequency of the oscil- 
lations is determined by the electrical 
constants of the oscillation circuit 31 and can be adjusted by altering 
the condenser 29. The power of the oscillations depends*on the 
voltage between the anode 3 and the cathode 2. Since the tube 
passes current in only one direction, namely, towards the cathode, 
the so-called oscillations in the circuit 9 are really unidirectional 
pulses of current. Moreover, if the source of E.M.F. be alternating, 
trains of oscillations are produced only by one-half wave of the 
E.M.F., and these are separated by blank spaces during. the half- 
wave of opposite sign. 


MEISSNER’S CIRCUITS. 


Marconr Co. ano H. J. Rounpb. 


A somewhat similar arrangement is seen in a patent No. 13,248/ 
1914, granted to Marconi’s Wireless Telegraph Co. and H. J. Round: 
A double anode tube is connected so that the control circuit is 
inductively acted upon. by currents in the repeat or magnifying 
circuit, as in the cases just described. There are, however, in both 
circuits sources of E.M.F. with ballast resistance, and these con- 
stitute a principal feature. Fig. 178 shows the connections well. In 
the control circuit S is the screen, F the hot filament, R, a ballast 
resistance, B, a source of adjustable E.M.F., and K,P, a capacitance 
inductance circuit whose natural frequency determines the oscilla- 
tions generated. ‘The resistance R, and the battery B, are shunted 
by a condenser K, the object of this arrangement being to “ensure 
stability of the current” and yet to allow the oscillations to pass 
without !oss. The most sensitive adjustment is found by trial 
’ variation of R, and B,. In the repeat circuit there is an oscillatory 
flywheel circuit K, P, tuned to the circuit K, P, and coupled to it, 
a source of high E.M.F. G, and a steadying resistance R, shunted 
by a condenser K;. If R, be sufficiently reduced an arc starts in 
the bulb, so R, is usually adjusted to about double this critical value. 
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A number of tubes can be connected to co-operate.. The anodes 
are connected to the high E.M.F. generator through separate adjust- 
ing resistances R, (each with its condenser K;); the screens 8 are 
connected each through its own R, B, K to one terminal of the 


Fre. 178.—Marconi Co. AND Rounn’s Circurrs. 


K, P, circuit; the filaments are all heated from the same battery B, 
each having its own separate rheostat, and connected to one end 
of the K, P, circuit. 

Di Forest’s Circuits. 

The “ultraudion ’ connections of Lee de Forest are shown in 
Fig. 179 taken from U.K. Specification 6,486/1915. The antenna 1 
with loading coil 2 is shown arranged for wireless telephony by aid 
of the microphone 4, and for telegraphy by the key5. The coupled 
closed circuit 6, 10, is connected between the anode 9 and the control 
electrode 7 of the audion, a blocking condenser 11 being interposed 
in the control lead. The highvoltage battery 15 supplies current 


Fic. 179.—ULTRAUDION CrircurtTs. 


through the choking coil 16. If the vacuum were very high, 
condenser 11 would soon become charged negatively by electrons 
collected on the grid, and flow of.current from anode to cathode 
through the tube would stop; thus traces of gas should exist in 
the tube to supply positive ions, and presumably these particular 
connections are most successful in the case of tubes containing 
residual gas. 
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W. C. Wuire’s CIRCUITS. 

For the production of very low frequencies the connections shown 
in Fig. 180 are recommended, the inductance in the plate circuit 
being 101 H, and capacitance 25yF, in order to obtain anatural period 
cof 1 second. The retroaction takes place through condenser C, and 
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Fie. 180.—Wutre’s Crrcuirs FoR Low FREQUENCY. 


transformer 7 jointly. Power is drawn from winding E. The 
resistance R was used by W. C. White for experiments on producing 
slowly damped trains. 

An arrangement of circuits for producing very high frequencies is 
given in Fig. 181. The inductances Ly, Lp and the capacity C, 
are high frequency chokes. The oscillating inductance in the plate 


Fic. 181.—Warte’s Circurrs FoR HicgH FREQUENCY. 


circuit consists solely of the wires b,c, d, and in the grid circuit wires 

e, f, g, a, which are each only a few inches long. The condensers C', 

and C, are very small, and the parallel wires J have length equal to a 

whole number of wave-lengths and aze variable by the bridge W. The 

direct-current source being 600 volts, oscillations of frequency . 
50,000,000, or wave-length 6 m. can be produced of 10 watts power. 
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The same author has given a design for a circuit for producing 
heavy high-frequency current. This is reproduced in Fig. 182, and 
is intended fora range of frequencies from 100,000 to 1,000,000. 
The heavy current runs on a circuit L, C3, in which an ammeter is 
shown as being calibrated with a standard. The condenser C, is 


about 0-1nF. and the inductance L, is only one or two turns of heavy 
cable. The current running may be about 25 amperes. ; 


ox S C3 
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Fie. 182.—Wua1rte’s Crrcuirs FoR HEAVY CURRENT, 


For very high voltage high-frequency currents, White gives the 
circuits of Fig. 183. The condenser C, may consist of two metal 
plates suspended in air, G being a safety gap. The inductances L, 
and L, are-about 8 mH., while L and L, are variable and of range 
0-5 to 2-5 mH. These latter inductances are coupled to the larger 
ones. At 100,000 frequency a voltage of 12,000 may be obtained 
from one pliotron operating on a direct current source of 500 volts. 


Gi 


Fra. 183.—Wuirer’s Circurrs ror Hic VOLTAGE. 


E. H. ARMSTRONG’S CIRCUITS. 


A design due to E. H. Armstrong is shown in Fig. 184, and was 
used by him in certain experiments. The telephones T are inserted 
to pass the steady current from the high voltage battery 1. Since 
‘there must be a point Q on the coil L always at the same instant- 
aneous potential as the point P between condensers C, and C,, we 
see that connection to the filament might be made at Q instead of 
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at’P. In that case the impedance T would not be required. Again 
PQ might be permanently joined by a wire in which case we have 
virtually the circuits of Rig. 18%. From this diagram it is clear that 
there is a closed oscillatory circuit in the control and one in the 
repeat circuits. 


Fic. 184.—ARMSTRONG’S: Fie. 185.—ARMSTRONG’S 
CIRCUITS. Circuits REDRAWN. 


THE NEGATIVE RESISTANCE TuBT.. 

A. W. Hull has shown that a stream of electrons falling upon a 
metal plate may, between. certain critical velocities, detach from 
the metal more electrons than fall upon it. These secondary elec- 
trons, as they are called, may rise in number up to three or four 
times the primary electrons. They were first observed by J. J. 
Thomson and named by him “ delta rays.” Ordinarily in an ionic: 
tube they are absorbed again into the anode, but they may be 
assisted to escape by arranging another conductor near the anode 
at a higher potential than it. 

The General Electric Company, of Schenectady, have patented 
in U.K. 103,865, a device based on the above phenomenon in which 
the secondary e’ectron stream liberated by bombarding a metal 
plate by electrons is utilised. The vacuum tube and its electrodes 
behave as a negative resistance. It consists of a highly evacuated 
tube with a tungsten filament cathode surrounded by a cylindrical 


Fic. 186.—ELEctroN CURRENTS AS ORDINATES, PLATE PoTENTIALS 
AS ABSCISS %, IN NEGATIVE RESISTANCE TUBE, 


wire grid and by a metal cylinder close to the grid. If a positive 
voltage relative to the filament is. impressed on the grid the ther- 
mions from the hot filament are collected by the grid, and if the 
cylinder is at the same p tential ‘as the filament no electrons will 
reach it. If, however, a small positive potential is applied to the 
cylinder it will attract a proportion of electrons through the grid. 
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The velocity with which the alactrane strike the cylinder depends 


on the voltage between filament and cylinder. On impact the 


electron stream liberates secondary electrons. In Fig. 186 the ordi- 


nates represent the electron current to the cylinder and the abscissz 


represent its potential relative te the filament. At the point C 
the secondary electrons leaving the plate are equal in number to 
those striking it, and therefore the ordinate is zero. At B more 
electrons are received than emitted. Along the portion CD of the 


curve the number emitted exceeds the number received till the point 


D is reached, where the potential of the cylinder is nearly that of 
the grid. After this as the potential difference is increased the 


number of secondary ele trons attra :ted to the grid decreases. At 


the point E the number of secondary electrons is equal to the 
number of primary electrons tha‘ strike it, and thenceforward the 
incident electrons exceed the emittcd ones a3 indicated by the part 
EF of the curve. The portion of curve BCD is approximately 
straight and since the current falls with increase of potential dif- 


ference, may be said to indicate negative resistance 


els 


Fie. 187.—GENERATION OF OSCILLATIONS BY NEGATIVE 
RESISTANCE TUBE. 


In Fig. 187 the battery 4 applies a constant voltage to the grid 
and also by a tapping a variable voltage to the cylinder. It is 
stated that when the capacitance and inductance are properly 
proportioned in circuit 2, 3, a current in the inductance 2 will vary 
in an alternating or pulsating manner, and therefore alternating 
current will be induced in 14. The frequency of the urrent may 
be varied by altering the capacity or inductance, but’is also depen- 
dent upon the resistance in circuit and on the value of the negative 
resistance, that is to say, the gradient of BD. In order that the 
system may oscillate the product of th:se two resistances should 
be numerically smaller than the ratio of inductance to capacity, 
all being measured in consistent units. 


Construction of Ionic Tubes. 
In the manufacture and operation of large yenerating valves 
numerous difficulties arise affecting construction. Some of these 


_ difficulties and the methods adopted to combat them are seen in 


the following selection of diagrams and descriptions from the files 
of the Patent Office. 

In U.K. 100,104, 8. Dushman describes methods of preventing 
distortion of the filament by electro-static forces, and proposes 
various mountings for keeping the anode symmetrically disposed 
about the cathode so that such forces are balanced. In U.K. 102,589 
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the Western Electric Co. (Fig. 188) protect the construction of an 
audion in which the anode consists of parallel strips connected in 
series. A single long strip may be folded as shown at 3 in the 
Fig. to form parallel sections in one plane, the folds being soldered 
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Fic. 188..-LARGE AUDION (WESTERN ELECTRIC Co.). 


or welded to wires 5 fused into a frame 6. This electrode is con- 
tinuous on both sides of the cathode, which is a zig-zag filament 
threaded through supports alternately on opposite sides of frame 9, 
and is supplied at several points with heating current. The control 
electrode is a cage 21 enclosing the cathode frame. 
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In U.K. 100,959, L. de Forest patents a method of building a 
power audion (Fig. 189). In one construction, the container 7, and 
outer vessel 6 are of steel and of elliptical section, and are spaced 
apart by stops 8. A disc 9 of glass or other insulating material 
covered by a liquid such as mercury, rests on a flange on the con- 
tainer and is fitted with glass tubes 10, 11 and 12 for passage of 
the leading in wires and for exhausting and sealing. Grid wire 14 
is wound on bent tube 10, which also supports tl elower ends of t' e 
cathode filaments. The container 7 serves as the third electrode. 
An electric fan 19, refrigerating pipes or water supply may be em- 
ployed to cool the outer vessel. k 

The General Electric Company of America communicate in 
No. 15,788/1914, a description of the main constructional features 
of the nearly gasless three-electrode tubes which have been de- 
veloped chiefly by Irving Langmuir. These tubes, in their various 
forms, are employed for detecting and amplifying high-frequency 
or low-frequency current, for generating oscillations, and for rectify- 
ing current of high voltage and any 
frequency. The principal distinction 13 
between most of the tubes here des- 


cribed and the older double-anocde figura |eall fa 
ubes lies in the ex aa eRe IN| SR 
tubes lies in the extremely high aN S| 


vacuum—only a few hundredths of 
a micron of mercury—which is an 
essential feature. In such a tube 
the current is conveyed almost wholly 
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by electrons, for there is insufficient 5 e : rm 
gas present to afford an appreciable : 

number of positive ions by the pro- ER : 

cess of ionisation by.collision. Thus gs BY 

the blue glow seen in a cathode ray Ss, 

tube and the glass fluorescence are 8 8 

absent at even very high voltages. Fic. 189.—PowER AUDION 


Moreover, there is no bombardment (DE ForEst). 

of the cathode by heavy positive 

ions, and therefore the disintegration of the cathode is almost 
negligible. The operation of the tube is also more regular and re- 
producible than in the tubes containing gas. _ 

The chief ait in the evacuating process is, as in the preparation 
of the Coolidge X-ray tubes, the expulsion of occluded gas from the 
electrodes. During the evacuation the glass is heated as much as 
possible without softening, and the most approved methods of 
incandescent lamp exhaustion are adopted. ‘Then, while the tube 
is still hot, a modern pump is employed to remove the residual 
vapour and gases; or chemical evacuating means such as the 
electrical vaporisation of calcium or magnesium may be employed. 
Either before or during evacuation the anode is heated, especially when 
the electrodes are to be run at an elevated temperature during the 
normal operation of the finished tube, in which case their tempera- 
ture is carried to brilliant incandescence during evacuation. When 
the exhaustion has reached an advanced stage a suitable voltage is 
applied between two of the electrodes so as to bombard the metals 
by electrons. Care must be taken not to produce the blue glow, or 
sputtering and disintegration of the cathode will result.. Meanwhile 


255 


Handbook of Wireless Telegraphy and Telephony (Eccuzs). 


the pump is constantly operated, the voltage is gradually increased, 
and so on, step by step, till a higher voltage is reached than that for 
which the apparatus is designed. If the tube is intended for heavy 
currents the bombardment should be vigorous enough to heat the 
electrode. Metals so treated may be exposed to the atmosphere at 
ordinary pressure without re-absorbing gas, and may, therefore, be 
removed to other tubes. 

Figs. 190 and 191 represent a tube designed to operate as an ampli- 
fier. There is a hot cathode, seen plainly in Fig. 191, held taut bya 
spring, 7, which takes up sag on heating; a control electrode 10 in 
the shape of a grid of fine wire wound on the glass or quartz frame 9, 
9’, that carries the cathode; and there is an anode, 12, forming a 
zig-zag running over hooks. Both the anode and the grid are © 
tantalum or similar refractory metal. The anode has two leads 16, 
17, and the grid has the leads, 18, 19, so that they can be heated 
electrically during the evacuation; but only one lead in each case 
is necessary for the work of the tube. Many other details of con- 
struction are given in the specification. 
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Fia. 190.—THE PLIOTRON. Fie. 191. 


A general view of the electrodes of the large pliotron is given in 
Figs. 192 and 193. The anode consists of two rectangular plates 
13 in. by 23 in., held parallel at 3 in. apart—that is, about } in. from 
the filament. When there is no voltage on the grid the anode current 
is about 107 mA., and with 10 volts is 142 mA., with anode volt- 
aze 1,00). . 

The constructional details of thermionic amplifiers are the main 
consideration of specification No. 1,694/1915, by the Western Elec- 
tric Co., and the type known as the audion is specially dealt with. 
The principal feature of the mode of construction described is the 
placing very close together of the control electrode and the hot 
cathode, actual electrical contact bemg, of course, avoided. The 
nearer these two electrodes are to each other the more effective, it is 
stated, is the amplifying action of the device. In practice, it has 
been found that a thin coating of such a substance as nickelous oxide 
may be relied upon to separate the two electrodes. Another im- 
portant feature is the proper placing of the main anode with respect 
to the other two electrodes, due regard being paid to: the use to 
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which the particular instrument is to be put. One broad rule in 
this connection is that the further the anode is from the cathode and 
control electrode, these two being supposed close together, the 


Fic. 192.—FinaAMENT AND GRID Fic. 193.—P.Liorron TUBE 
ELEMENT oF PLIOTRON. CoMPLETE 


greater is the voltage required in the repeat circuit. This is to be 
explained by the well-known fact that in such an arrangement ag 
that of the audion the chief effect of the control electrode is electro- 
static. Stress is laid, throughout 
the specification, on the fact that 
the control electrode should have 
a large surface area. 
An. idea of the way in which 
the above conditions are ful- 
filled may be gained from Figs. 
mee 194, 195, 196 and 197. In Figs. 
_ 194 and 195, where Fig. 195 is 36 
_* a plan, the control electrode 
_ consists of a wire, 1b, shaped 
like an inverted V, and on it is 
wound the filament 2b, which . 
- supplies the electron discharge Fig. 194. 
_ when heated. The. repeat elec- 
_ trodes are the plates 3b. It will be seen that the “ grid” of 
the Audion is represented here by a V-shaped wire, which does not 
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intervene between the cathode and the main anode. In Fig. 196, 
again, the control electrode, which may consist of any number of 
“arms or branches, is over-wound by the cathode, the insulation 
between these two electrodes being usually nickelous oxide, as stated 
before. By agi the anode plate 3e near the other electrodes, a 
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Fic. 196.—WesterRN ELEctRIC TUBE. Fig. 197.—WESTERN ELECTRIC TUBR. 


ow voltage high current amplifier is obtained. Fig. 197 shows a 
ifferent type. The control electrode lg is a shell with a helical 
groove, in which the filamentary cathode 29 is wound. The repeat 
electrode 3g is a large concentric spherical shell. Finally, Fig. 198 
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Fic. 198.—WESTERN EEctTrRic TUBE. 


shows an elaboration of this last type intended for use with large cur- 
rents. Thenew feature isa tube down the middle of the vacuum tube, 
and passing through both cylindrical electrodes. Down this channel 
‘cooling liquid can be passed, or the whole tube can be put in a tank of 
liquid. Efficient cooling allows of the tube being worked energetically. 
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A. M. Nicolson and E. C. Hull have shown in Specification 17,580, 


1915, a method of giving to metal filaments a tenacious coating of 


compounds of the alkaline earth metals. Barium resinate, for 
example, is applied to carefully cleaned platinum strip and. inci- 
nerated. It is stated that cathodes prepared by the processes 
described have a very constant activity. 

Large valves are now made to work with an input of 500 watts or 
more at an anode voltage of 2,000 to 3,000 volts, and a current of 
about + ampere. In these tubes the anode becomes very hot in use, 
and must be of refractory metal. It is, however, uneconomical to 
work the anode at a high temperature, because radiation of heat 
increases very rapidly with rise of temperature. It should be noted 
that in rating by energy input, the oscillation circuits are supposed 
to be absorbing their proper share of energy, and the heating of the 
filament is not included in the estimate. It is clear that if for any 
reason oscillations cease when the full voltage is on the anode, there 
arises immediately the danger of overheating the electrodes. The 
best tube for generation is, in the words of M. Latour, that which, 
‘or a given working voltage V, on the plate, can stand the highest 
current on the plate from an increasing potential on the grid. 


GENERATION BY ELECTRO-THERMAL INSTABILITY 
OF CONDUCTORS. 


Under this heading the electri¢ arc should be included since its 
resistance falls with increase of current. It has been discussed p. 199. 


INSTABILITY AT A CONTACT. 

Solid conductors may exhibit instability. The possibility of the 
phenomenon was deduced by the author from the thermodynamic 
theory of contacts between substances whose resistivity coefficients 
are negative, and in May, 1910, he showed before the Physica! 
Society of London a galena detector generating oscillations in an 
oscillatory circuit. The circuits were precisely those of the arc, 
Fig. 129. In fact the processes in many detectors are reversible ; so 


- that if the applicaticn of oscillatory voltage to a detector results in 


the production of a direct current, the passage of a direct current 
through the detector results in the production of oscillations in a 
suitable associated circuit. Conversely, a device for generating 
oscillations from steady current can be adapted for rectifying A.C. 
When the Thomson and Peltier, as well as the Joule effects at a 


- contact are taken into account, the theory shows that there may be 


two voltages that produce instability, one much greater than the 
other.™ This instability at high voltage is probably utilised in the 
following invention due to W. Torikata, E. Yokoyama and: M. 


_ Kitamura. 


In No. 10,823/1912 it is stated that if one or both of the electrodes of a 


; spark gap be replaced by such materials as silicon, ferro-silicon, car- 


borundum, boron, and minerals such as graphite, meteoric iron, mag- 
hetite, iron pyrites, copper pyrites, bornite, molybdenite, &c., and if, the 
gap length be shortened till the terminals ‘‘ practically touch,” then 


_ oscillations similar to those produced by a quenched spark are generated 


=> 


in an inductance capacity shunt circuit. The inventors state that they 


do not know precisely whether the discharge is an arc or a quenched 
_ spark, but the spark frequency is well above the audible limit. A semi- 
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insulating film appears to be formed between the electrodes by the first — 


discharge, which prevents the gap from becoming short-circuited though 
not preventing discharges, 


The Cathode Ray Switch. 


F. K. Vreeland in 1906 described an original method of generation. 
The oscillations in the circuit of O,L,0L,02, of Fig. 199, are sustained 
by direct current energy automatically regulated by switch-like 
movements of the cathode stream in a mercury lamp from anode A, 
to anode-A,. The movements are produced by the magnetic field of 
the coils L,, L5, which ought to be shown with their axes perpendicular 
to the plane of the anodes. Suppose at any instant the gas current is 
from A, to K, and the condensers C,, C, to be about to begin dis- 
charging from left to right in the figure. The current through 
L,, L, produces a magnetic field which deflects the gas current 
from the path A,K to A,K. The cutting of the current in the choke 


coil N, leads to an “extra current” that augments the current — | 
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Fic. 199.—CatTHopE Ray SwITcH. 


in the condensers, and helps them to reverse sign. When the 
condensers are fully charged the process is repeated in the reverse 
direction. 


Electric Generators. 


Various methods of varying the capacity of a circuit so as te | 


produce alternating currents have been proposed, and “ electro- 
static’? machines in which conducting plates were moved relatively 


at great speed have been built. In order to obtain high frequencies, | 
proposals have been made to use the overtones which may be expected — 


to be produced. A typical generator of this class has been described 


by W. Petersen in 2,442/1912. This electrical machine has a field | 
plate carrying an even number of conductors and a rotating armature | 
with an equal number. Alternate field plates are connected to | 
opposite poles of a source of current, and oscillatory current is | 
collected by brushes touching the armature plates. By suitable | 
resonant circuits on each side the high overtones of the induced | 
voltage may, it is claimed, be utilised for inducing currents of still | 


higher frequency. 
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Variable Resistanee Methods. 


‘The simplest form of apparatus falling under this head is the two- 
part commutator with rubbing brushes. The changes in the sense of 
the current through the commutator may be made less abrupt by 
immersing the commutator in an electrolyte that also bathes fixed 
electrodes. By properly shaping the electrodes sine wave current 
may be obtained from D.C. 

A. F. Sykes has elaborated this by designing what is virtually a 
many-part commutator, capable of rotation at high speed in an 
electrolyte. The stator has the same number of parts as the rotor, 
and the clearance between stator and rotor is small. The current 
may enter and leave by the rotor and stator, or may be led in on one 


' half of the stator and out on the other. Alternatively the inventor 


proposes to use a grid of insulating material rotating between fixed 
electrodes. 

It is desirable that the variations produced in the supply current 
shall themselves effect variations of resistance which shall sustain the 
vibrations. Conductors possessing negative temperature coefficients 
of resistance have, when placed in a vibratile circuit, something of 
this property. In fact, if the thermal variations are great enough we 
are led back to the eases of the oscillating detector and the are. 
Again if, as happens in the Trevelyan Rocker experiment, the 
thermal actions produce mechanical motions that break and make 
the circuit rapidly, the interrupted current may be used to induce 
an alternating current in a secondary circuit, as has been shown by the 
author. Better than this, electrodynamic forces, due to the generated 
current, may be directed so as to vary regularly the configuration of a 
microphonic cell, and thus, as in A. Campbell’s “‘ hummer,” give rise 
to sustained vibrations. Again,if a microphone transmitter, as used 
in ordinary telephony, be connected in series with a cell and a 
telephone receiver, and then the receiver held in front of and facing 
towards the microphone, the diaphragm of the receiver will undergo 
sustained vibration, of which the intensity depends among other 
things on the closeness of the receiver to the microphone. ‘The 
explanation is that the sound waves from the diaphragm cause the 
microphone resistance to vary in correct phase relation for the 
maintenance of the vibrations. This principle has been suggested on 
several occasions (notably by R. A. Fessenden) for the generation of 
high-frequency oscillations. The double anode valve in Meissner’s 
method (Fig. 176) operates on this principle. 


. THE INDUCTORIUM. 

This apparatus, variously named “ Induction Coil,” ‘‘ Spark Coil,” 
“* Ruhmkorff Coil,’ &c., has been much used in spark telegraphy. 
Tt is essentially a step-up transformer with open magnetic circuit, 
designed for use with an interrupted primary current and giving 
practically unidirectional secondary voltage. or details of con- 
struction special books are available. Here certain points of interest 
in radiotelegraphic work will alone be touched upon. 


GENERAL CONSIDERATIONS. 


The secondary coil should be given a relatively low resistance by 
the use of a liberal copper section, and the ratio of transformation 
must not be so high as in long-spark coils. In all coils of recent 
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construction the secondary is built up of flat spiral elements separated 
by waxed paper.or other insulation. The spirals are wound on formers 
consisting of two parallel planished circular plates clamped together 
with small clearance, and spirals that are to be neighbours are wound 
in opposite directions.” Pairs are made by connecting the inner 
loose ends of two neighbours, and these pairs are assembled by 
threading over an insulating tube (micanite or hard rubber) surround- 
ing the primary winding and core. The whole of the elements are 
connected in series by means of the outer loose ends of the pairs, the 
elements being so turned that the joins lie on a helical curve. The 
whole assemblage is thoroughly dried and saturated with a non- 
contracting mixture of beeswax and paraffin. In the Klingelfuss 
mode of winding the special feature is the separation of the elements 
by tapering insulation as indicated in Fig. 200. 


Fic. 200. 


EXFERIMENT AND THEORY. 


The action of the condenser in a Ruhmkorff coil has been investi: 
gated by many observers. The ordinary opinion seems to be that 
the discharge back through the primary winding from the condenser 
annuls the magnetism of the core, or that the oscillations which are 
set up accomplish the same purpose. Lord Rayleigh has shown,’ 
however, that very long secondary sparks can be obtained without 
the use of a condenser at all by interrupting the primary current 
extremely suddenly, as by severing the wire with a rifle bullet. The 
problem has been investigated recently by W. H. Wilson, who 
obtained curves of the.secondary E.M.F.s and of the currents in all 
parts of the primary system, and elucidated several facts about the 
relative phases and amplitudes. Joubert’s method was used for 
obtaining the curves, a quadrant electrometer being the measuring 
instrument. The interrupter was a disc of ebonite with a copper 
contact let into its edge, working under a springy copper brush. The 
curve obtained showed that when the current magnetising the core. 
is interrupted, the current persisting in the primary winding after 
metallic contact is broken divides into two distinct parts, one of. 
which passes across the interrupter contacts in the form of a spark, ' 
while the other discharges the condenser and oscillates to and fro 
with decreasing amplitude. The secondary E.M.F. starts to rise as’ 
soon as interruption begins and reaches its maximum value about the’ 
instant when the current in the primary is passing through zero. It . 
does not appear that the condenser demagnetises the iron core by: 
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discharging back from the primary. The following figures were 
calculated from curves obtained :— 


Percentage 
Energy. Joule. of input. 

DUPPUEE DY DAGLELY c.cis.cs0..casepeddeesdransradeadiae 0-0642 

Lost in extra resistance of shunts ..............0005 0:0383 

BRP MR OEE COMI soir wend v «cure sis bh oan duoes seMeRe es 0-0259 

Postimprimary: (JOUle) 2.0.65, .cccs..0s cs enakecdres 0-00453 17°5 
Stored in magnetic field before interruption...... 0:0205 79°5 
Lost in spark at interrupter ...............cecececseees 0:00728 28-0 
Lost in hysteresis and eddy currents ............... 0-00253 9-8 
Stored in condenser at maximum voltage ......... 0:0116 45-0 


These figures show that the efficiency of this coil, under the conditions 
of the test with the secondary just able to spark across the gap, must be 
lower than 45 per cent. 


The conclusions drawn by Wilson are that a low primary self- 
inductance is desirable to enable considerable energy to be dealt 
with when only low supply voltages are available, but tends towards 
bad sparking at the interrupter, and if obtained by reducing the 
primary tends to serious inverse E.M.F. at “make. The con- 
denser acts normally (a) by limiting the maximum voltage across the 
interrupter contacts, (b) by limiting the rate at which that voltage 
rises as the contacts are separated, (c) by producing high-frequency 
oscillations across the interrupter which delay the loss of energy that 
would otherwise occur, (d) by limiting the eddy-current losses in the 
primary and core. Sparking at the interrupter may be made as 
small as desired by sufficiently increasing the periodic time of the 
primary oscillating circuit; but this necessitates a considerable 
increase in the ratio of transformation of the coil for a good spark- 
length. To obtain long sparks with reasonable dimensions of the 
secondary, a small periodic time is required. To avoid serious 
inverse E.M.F. at “ break,” magnetic leakage between primary and 
secondary must be as small as possible. 

The investigations by E. Dibbern and by E. Taylor Jones have 
recognised that the whole system of primary and secondary, being a: 
pair of coupled circuits, has two natural frequencies. The secondary 
potential is greatest when the two oscillations attain their maximum 

values simultaneously. Taylor Jones has shown that this requires 
the ratio of the two natural frequencies tobe3or7orll ... 
and 1,C,=(1—k?)L.C,, where k is the coefficient of coupling. These 
conditions imply that at the moment of the secondary voltage 
maximum the primary oscillations are at their separate current 
maxima which are equal and opposite. Thus. there is then no: 
current in either circuit. These conditions are the same for any 
rates of interruption and any supply voltage. 
The energy equation when resistance is neglected is 


gLyiy = eC oV 2°(Ly2/Lo1) 
where 7, is the value of the primary current just before interruption, 
V, is the maximum secondary voltage, L,, is the mutual inductance 


of primary on secondary, L,, of secondary on primary. The most 
effective ratio of frequencies is 3, and then k=0:756, so that L,Cy, 
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0-429 LC. Coils should be designed with a larger k than 0-76 to 
leave room for adjustment by series choking coils. In experiments by 
Taylor Jones on a certain 18 in. coil, with C,=52-0 pF—-about five- 
sixths of this being the distributed capacity of the secondary—the 
energy input was 12-75 joules, the maximum energy in the secondary 
circuit (when at highest potential) was 7-0, that simultaneously in the 
primary condenser was 0-5, and the rest was lost ; the efficiency 
was 0:56. 


Piant. 

@'The so-called Unipolar Inductorium has a long primary coil 
extending the whole length of its core, and a short secondary con- 
sisting of only two or three flat sections. The imner loose end of the 
secondary winding is usually connected to earth, and the outer end 
attains a high voltage. It is used with a mercury break or A.C. 


Marconi Coit. 


The Marconi Company have developed a “10 in.” coil for their 
ship work, which can be run on a 100 V circuit. The following 
details may be useful :-— 


Primary resistance 0-20 ohm Secondary resistance 6,500 ohms 
, inductance 0-015 H ay inductance 625 H 
, condenser 1-5uF Transformation ratio 160: 1 


Magnetic leakage coefficient 0°33 


The connections for such a coil, when used with its own break,’ 
are shown in Fig. 204 (p. 266). 


THe Witson SPARK COIL. 


This apparatus, which is an improved inductorium, is due to 
€Emest Wilson and W. H. Wilson, is very compact and light as com- 
gared with the Ruhmkorff inductorium, is easily operated from a 


Fie. 201. 


direct or alternating supply, and is trustworthy. Fig. 201 shows 
the principles applied. Coil 1 is an inductance coil with a closed 
magnetic circuit, 2 is the primary of the transformer and has small 
inductance relatively to 1. Suppose the commutator 5 to come 
into the position which connects the apparatus to the supply mains 6. 
The current builds up in 1 and a small charge is given to condenser 
4 at the voltage of the supply. When the commutator rotates it 
cuts off the supply and the magnetic energy stored in | pours into 4, 
charging it with reversed sign to a higher potential than before. 
‘The commutator row short-circuits the inductance 1 and the con- 
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‘denser 4 with the primary 2 are left to oscillate at a fairly high- 
frequency—some thousands per second it may be. The high fre- 
quency of this current through the primary enables high voltages 
to be obtained with a secondary of comparatively few turns and 
small resistance, while the iron in the primary can be kept relatively 
small. No oil or coal gas is needed to prevent sparking at the com- 


mutator, since the time constant of the circuit containing 1 is large 


and, also, the coil is shunted by the condenser. 

H. Rivers-Moore, in <pecification 4862/1915, describes an arrange- 
ment in some respect similar to that of Wilson’s. It is shown in 
Fig. 202, where the interrupter 4 is closing the circuits to energise the 
inductance 1, primary 5 and the condenser 3. When the interrupter 
breaks the battery circuit, parts 1, 3 and 5 form an isolated oscillating 
‘circuit of comparatively long period, a discharge takes place and at 
the end of half a period the charge in 3 is reversed. At this instant 
the interrupter closes the circuit again, which in effect short-circuits 
a great part of inductance 1. Hence condenser 3 discharges more 
rapidly than before and induces a much larger E.M.F. in 9. This 
is a complete cycle of operations; but during the second half, 
induction of energy for the next cycle is also going on. The break 
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may be adjusted to take place at the instant of zero current, in order 
to obtain sparkless operation. It is stated that a simple interrupter 
under proper control may be used instead of the rotary interrupter 
shown, with good results. 


Breaks. 

When direct current is used an interrupter is necessary. This is 
sometimes operated by the primary current, sometimes by in- 
dependent motive power. Very many forms have been devised, 
falling mostly into two classes: (1) those in which relative motion is 
given to two conductors forming a contact, (2) those in which a non- 
conductor is interposed between the conductors. Class (1) includes 
commutators and vibratory devices, (2) includes the electrolytic 
breaks. In all cases the first desideratum is suddenness. This is 
difficult of attainment, because the ‘“‘ extra current’ tends to 
establish an arc. In class (1) this tendency may be met by giving 
high relative velocity to the conductors. 

The Apps break consists of a hammer head of iron mounted on a 
flat spring as shaft, carrying one side of a contact in the primary 
circuit. The iron is attracted towards the core when this is magnetised 
by the primary current, and opens the contact in the primary circuit 
while the speed is still small. The arc that forms is extinguished 
comparatively slowly. This defect is removed in breaks of the type 
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shown in Fig. 203, which explains itself. The connection of a coil. 
using such a break is seen in Fig. 204. 

Vibratory breaks in which the contact is made between a platinuny 
wire and mercury produce sharp interruptions, because the inter- 


Primary 


ae 


Fie. 203. Fig. 204. 


ruption can be arranged to happen at the moment of maximum 
speed. The suddenness is improved by quenching the arc in alcohol, 
oil or hydrogenous gas ; but the coil must not be worked without the 
condenser, or the break is explosive... Breaks of this kind may be 
operated by the magnetism of the core or by independent means— 
e.g., by an electrically maintained tuning fork. 
Mercury JET BREAKS. 

Most of these are motor driven ; the jet is produced by a centrifuga. 
pump (e.g., that of Fig. 206) and revolves in a nearly horizontal plane 
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so as to fall on a number of equally spaced vertical plates in turn. 
The plates should be wide enough to allow of saturation of the iron 
core of the coil. The connections for a motor driven mercury jet 
break are shown in Fig. 205. 
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C. E. 8. Phillips has designed and described the mercury break ° 
shown in Fig. 206. The vessel V is of cast iron, measuring 6 in. 
deep and 7 in. diameter on a wooden frame F. It is closed at the 
top with a lid containing a glass window G. The revolving drum D: 
is of ebonite, and its spindle passes through a steel bush B to the: 
motor M. TheholesH,H’ are 1-5 mm.indiameter and the walls of 
the drum are thicker below than above. The mercury fills the well. 


Fic. 206. 


W as well as the drum during operation. The metal segmentsS,S” 
are placed symmetrically and are best made of tantalum, which is 
not wetted by mercury. Experiments were made with differently 
shaped orifices, but the thickness of the mercury jet is almost inde- 
pendent of the size of orifice, doubtless on account of surface tension. 
phenomena. Coal gas gives very good results, and ether vapour 
is the, most effective of ordinary volatile liquids. Compressed 
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air up to a pressure of 5 atmospheres was tried without much success. 
By using several jets as much as 40 amperes at 200 volts can be 
interrupted. ig 
The Béclérc mercury break is shown in Fig. 207 in which the spindle 
is driven by the two arms shown, which are successively attracted 
to the iron core of the induction coil. In principle it is the same as 
older jet mercury breaks, but an atmosphere of coal gas or hydrogen 
takes the place of spirit — 
or paraffin. A bladder of 
- Fi ae gas can be fitted on to the 
| Ml =| tap seen in Fig. 207, and 
( willlast for several days. 
The successful action of 
this break depends mainly 
on two factors: (1) The 
high speed at which it 
can be run owing to the 
absence of spirit or oil 
over the mercury; (2) the 
small are that is obtained 
between metals in coal gas 
or hydrogen at a pressure 
above that of the atmo- 
sphere. Supposing a coil 
works with a mean cur- 
rent of 3 amperes on a 
Tic. 207.—Brecterc Mercury Break. 200-volt circuit, the actual 
current broken is about 
30 amperes. The contacts occupy about one-fifth of the circle 
[swept by the revolving jet of mercury. This would make the 
"circuit 15 amperes, if uniform in strength, but it actually rises from 
"zero to a maximum which may be double the mean. jaye yagi” et 
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ELECTROLYTIC BREAKS. 


When a large enough current is passed through an electrolyte from 
-a small anode to a large cathode the current sutters rapidly recurring 
interruptions (Fizeau, Foucault, Spottiswoode). This is due to the 
formation of a bubble of steam and oxygen on the anode. The 
phenomenon has been variously ascribed to thermal and electrolytic 
actions and to electromagnetic striction. A. Wehnelt applied it to 
the inductorium in 1898. A similar interrupter is that introduced 
by Caldwell, in which equal large electrodes are in separate chambers 
that communicate by a small hole in the insulating partition. Joulean 
heat developed in the small mass of electrolyte in the aperture causes 
the formation of a bubble which interrupts the current. The current 
may flow in either direction. 

‘The former type appears to be the more generally useful. An 
efficient instrument for use on 100 V circuits can be made by 
immersing a coil of sheet lead as cathode in a quart of dilute sulphuric 
acid (density 1-07), and using as anode a platinum wire 1 to 2mm. 
diameter with its tip projecting about 3mm. from a glass tube. 
Breaking off of the platinum through sparking is delayed by letting 
thejwire project into the liquid through a close fitting hole in a dise 

-of slate’cemented on to the squared end of the glass tube. The 
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rate of interruption may be regulated by adding inductance in 
series with the break and primary winding, and usually resistance 
(up to 10 ohms) should be added. Provision may be made. for 
cooling the acid, and the induction coil must be used without its 
condenser. , . 

In specification 10,111/1912 A. E. J. Vlug claims protection for a 
method of producing musical spark signals by aid of a Webhnclt 
interrupter. The improved Wehnelt anode consists of a platinum 
wire 1mm. diameter, covered with insulation, tapering gradually 
to the end, and immersed in any of the familiar electrolytes; it is 
used with a transformer which has a very small secondary self- 
induction, and which is connected to a condenser of as large capaciiy 
as possible, provided that the natural frequency of the transformer 
secondary is not brought below about 350 per second. By this 
arrangement, it is stated, the spark at the Wehnelt anode is avoided, 
and thus one of the chief causes of the impracticabilitv of the Wehnelt 
interrupter removed. 


Fig. 208.—DIAGRAM oF TUNING ForkK SystTEm. 


THe Macgunna CONVERTER. 


The Magunna converter is a modification of the tuning fork inter-- 
rupter, vibration being maintained by the friction of a prong against a 
moving belt. Fcr this purpose two pulleys, driven by vertical shafts, 
carry an endless belt and are driven by a 74H.P. electric motor. A tuning 
fork fixed rigidly on a support is placed in contact with the belt when it 
is at rest, as shown in Fig. 208. The tension of the belt may be 
regulated by displacing one of the pulleys. When the belt ig in 
movement the tuning fork begins to vibrate, so making and breaking 
a contact carried on the free leg. 

The tuning fork, the primary of the transformer and the Morse 
key are connected in series. A condenser is connected across the 
terminals of the converter to suppress the spark at breaking. The 
frequency of the interruptions thus obtained is equal to that of the 
tuning fork, and is, moreover, rigorously constant and independent of 
the speed of the belt. The standard apparatus has two forks and- 
. gives two frequencies, namely, 320 and 380, the frequency of the 
spark being double. One or the other of these two notes can be 
obtained by simply altering a single-pole switch. The forks can. 
convert direct-currents as large as 5 amperes at 220 volts, 
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DETECTION OF HIGH-FREQUENCY 
OSCILLATIONS. ) 


CONTACT DETECTORS. 


A great variety of instruments are comprised in this class. They 


‘are broadly divisible into : 
(1) Single contact detectors. 
(2) Multiple contact detectors. 

The single contact detectors are divisible into two species: (a) 
contacts between two pieces of the same substance, (b) contacts 
between pieces of dissimilar substances. There is no advantage in 
applying this subdivision to the multiple contact detectors. 

In order to understand the classification adopted it is necessary 
to summarise the theory of a single contact. Suppose a mass of 
substance, such as a piece of conducting mineral, to be copper-plated 
and soldered to a piece of metal; and then suppose its free surface 
brought into contact over a limited area with another piece of the 
same metal (Fig. 209). When a current is passed across the contact 


Fie. 209. 


the flow will be more constricted at the contact than at any other 
part of the circuit. At this point, in accordance with the law of 
Joule, the temperature rise will usually be greater than at any other 
part of the circuit. The same statement holds good if the con- 
stricted contact is formed between two pieces of conducting mineral 
instead of between the mineral and the metal shown in the figure. 
{n all the best contact detectors at least one of the substances at the 
contact has very pronounced electrothermal properties—that is, the 
change of resistivity with temperature, the Peltier and Thomson 


coefficients, are all relatively large. Thus the warming of. the ~ 


contact alters the resistance of the circuit or develops thermo- 
electric forces, or does both simultaneously. There is also the possi- 
bility that mechanical expansion of the warmed materials alters the 
zeometrical configuration at the contact and therefore the electrical 
resistance, but no practical detector is known in which this pheno-. 
menon has been traced In any of these cases the curve connecting 
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» the applied E.M.F. in the circuit with the current it produces—often 
called the characteristic curve—will not be a straight line through 
the origin. Since the Joulean heat developed must depend on the 
area of the contact, the shape of the characteristic curve and the 
properties of the detector alter with change of mechanical pressure. 

In species (a) of single contact detectors—that is to say, In cases 
where the same material forms both sides of the contact—the charac- 
teristic curve is of the same shape for both directions of the current 
across the contact, and the departure of the curve from a straight 
line is due mainly to change of resistivity with temperature (Fig. 211), 

In species (6), where the materials are different at the two sides ot 
the contact, the characteristic curve is not symmetrical, chiefly on 
account of the thermo-electric asymmetry. A great variety of 
curves is possible. The author has published full accounts of the 
theoretical deduction of these curves from the electrothermal data. 
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Fic. 210.—Srrciric Resistance CHARACTERISTICS OF SOME MINERAL 


ES a =: Conracts. 


D: Owen has carried out important! investigations on contacts, 
paying special attention to the resistance, measured in a Wheatstone 
bridge, of typical contact detectors. In nearly all cases the resistance 
rises to a maximum, and then falls, as the applied voltage across the 
contact is increased. By plotting resistance on voltage we obtain 
the resistance characteristic of a contact. From a large number of 
measurements on zincite-chaleopyrite combinations, in which the 
maximum resistances of the various pairs ranged from 10,000 to 
855,000 ohms, he concluded that. the quantities V et Loy | Lone 
dk/(RdV) at zero voltage, are dependent only on the materials and 
not on the area or absolute resistance of the contact itself. Here 
R,, is the maximum resistance of the‘contact, V,, the voltage on that 
occasion, #, the resistance when no voltage is applied. When the 


271 


Handbook of Wireless Telegraphy and Telepheny (EccLEs). 


instantaneous values of the resistance, divided by R&,, are plotted on 
the corresponding voltages, one curve is obtained for all contacts 
between the same pair of materials. Fig. 210 gives anumber of these 
‘‘ specific resistance characteristics.” The applied voltage is taken 
as positive when it produces current across the junction in the same 
direction as that caused by a slight rise of temperature at that 
junction. Gwen shows that the Peltier effect, together with a 
“negative resistance-temperature coefficient, accounts for these 


phenomena, and he deduces that the resistance of a telephone for 


use with a detector should be about one-third that of the contact.. 
In later experiments Owen showed that the characteristic obtained 
by applying the testing voltage for one-hundredth of a second is 
much the same as would be found by applications lasting only a 
millionth of a second. He suggests that an important fraction of 
the resistance resides and high frequency rectification takes place, 
in a stratum of molecular thickness at the interface of the contact. 
A great variety of suggestions other than those just mentioned 
have heen offered to account fcr the shape of the characteristic curve 
of contact detectors, and consequently, their rectifying properties, 


Fic. 211.—SymMMETRICAL VOLTAGE-CURRENT CURVE. 


These include the electrolysis of solid electrolytes, electrostatic 
attractions, and various ad hoc phenomena. Lately (April, 1915) 
J. A. Fleming has discovered that the constituents of many pairs of 
substances that make good contact. rectifiers possess strongly 
contrasted photo-electric properties. However, and quite apart 
_ from all deeper theory, the universal fact that a characteristic curve 

obtained with rising current differs from that obtained with falling 
eurrent the more widely the quicker the experiment, points strongly 
to the predominant part played by thermal agencies. 


Connection between Characteristic Curves and the Operation of a 
Detector. 

Species (a). Symmetrical characteristic (Fig. 211). 

First, suppose no local £.M.F. applied to the circuit containing the 
detector. When a continuous oscillating E.M.F. is applied to the 
circuit the currents produced by each successive half-wave of E.M.F. 
are equal and opposite, and so there is no rectification or other per- 
ceptible effect in the circuit, provided the oscillatory current is 
relatively small. 
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Second, suppose a local E.M.F. equal to OA applied constantly in 
the circuit. Then a small oscillating E.M.I. will produce, by its 
positive wave, a certain increase of current, and, by its negative 
wave, a smaller decrease of current. Hence, the contact acts ag 
rectifier in the positive direction. . 

Third, suppose a local E.M.F. equal to OB applied. Then a small 
oscillatory E.M.F. will produce no rectifying effect at all, for the 
reason that the curve is straight for small E.M.F.s on each side of B. 

Fourth, suppose the local E.M.F. equal to OC. Then the negative 
wave of an oscillatory E.M. I. will produce a greater decrease in the 
current round the circuit than the increase produced by the positive 
wave. Hence, there will be negative rectification. 

In all these cases electrical work is done by the oscillatory E.M.F. 
in the circuit, even in the third case, where there is no rectificatton— 
in fact, the point of the curve at which the greatest electrical work 
is done in the detector circuit by an oscillatory E.M.F. induced in the 
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circuit is not exactly the same as the point of the curve at which 
there ig maximum rectification. In many practical cases, however 
the distinction between the E.M.F. of maximum rectification and the 
E.M.F. of maximum energy transformation is negligible. 

Species (b). Asymmetric characteristic (Fig. 212). 

General considerations, such as those stated for the symmetrical 
characteristic apply in this case also at points like ABC, but there 
is a difference at the point of origin, for when no local E.M.F. is 
applied in the detector circuit, an oscillatory E.M.F. will produce 
positive and negative currents of different magnitudes, and thus 
there will be rectification. Moreover, electrical work may in general 
be done in the circuit by an induced E.M.F. at all points of the charac- 
teristic curve. 

It must be remarked that if, as is usually the case, the oscillatory 
E.M.F. is damped and not sustained, a constant resistance will act 
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as a detector. This may be seen on reflecting that the total area of 
the half-waves of one sign is greater than the total area of those of 
the other sign in a train of damped oscillations. , If the currents 


y >|. 62 F 

With many pairs of substances tha points of inflection showntin 
Tig. 212 are not realisable because the large current densities cause 
temperature rises so great as to invalidate the linear laws assumed 
in deducing ths curves from theory. 


Sensitiveness and Power Curves. 

From the above outline of the subject, it will be seen that the 
sensitiveness of a detector is a somewhat indefinite phrase. Ordi- 
narily, the relative sensitiveness of a number of detectors is estimated 
by putting each in turn into the same receiving apparatus and noting 
the loudness of the sounds produced by certain signals in the same 
pair of telephones, the local E.M.F. of each detector being adjusted so 
as to give the loudest possible sounds. It is then very doubtful 
whether the local E.M.F. is adjusted for maximum rectification or for 
maximum work in the telephones. Moreover, in such a method of 


represented by e-!‘ sin pf, the rectified current is 
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Fic. 213.—ALTERNATING CURRENT CHARACTERISTICS. 


arranging a number of detectors in order of merit, much depends on 
the coupling between the antenna and the secondary, on the electrical 
dimensions of the inductance and capacity in the secondary, and on 
the resistance and impedance of the telephone, as well as on the value 
of the local E.M.F. Thus, different sets of receiving apparatus will 
give different orders of sensitiveness. Hence we find in the literature 
of this subject a great divergence of opinion as to the merits of various 
detectors. It should be remembered that no comparison of two 
detectors is of final value unless each detector has been used in the 
circuits and with the telephones which suited it. Thorough com- 
parison of a number of detectors is thus a very tedious matter, and 
has never yet been carried out. 

The Sensitiveness Curve of a detector shows the relation between 
the voltage applied to the detector’s terminals by the associated 
potential divider, and the efficiency of conversion of oscillatory into 
direct-current energy. In the Figs. of pp. 277 to 280, this efficiency 
is not shown directly, but may be inferred from the input W of 
oscillatory power stated below the curves. 

The Power Curve of a detector shows the relation between the 
power given to the detector in the form of electrical oscillations and 
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that delivered by the detector in the form of direct current. In 
general a different curve is obtained for each adjustment of, the 
potential divider used with the detector. The curves given on pp. 276 
to 280 were all obtained with the same apparatus, which was of a 
design that favoured the detectors of lower resistance. 

The Alternating Current Characteristic of a detector shows the 
proportion of rectified direct current obtained from a constant 
alternating E.M.F. applied to the detector, for each adjustment of the 
potential divider used with the detector. The curves obtained with 
different amplitudes of the alternating voltage are in general different, 
and are, perhaps, different with different frequencies of alternation. 
(See Fig. 213.) » 


| DATA OF {SINGLE CONTACT DETECTOR S. 
SINGLE Contacts with NEARLY SYMMETRICAL CHARACTERISTICS. 


Detectors in which the characteristic js symmetrical or nearly 
symmetrical are usually called coherers. They were used or inves- 
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Fig. 214.— Vonrace-CuRRENT CURVE oF CoHERER. 


tigated before the days of wireless telegraphy by Hughes, Minchin, 
Branly and Lodge. A “ microphonic joint ” between two pieces of 
carbon, er even two pieces of metal, will act as a coherer if delicately 
adjusted. The characteristic of a microphonic joint is shown in 
Fig. 214. When the local E.M.F. is carefully raised to the value OA, 
the current is AP; a slight and transient increase of voltage in the 
circuit, due, say, to oscillations induced in it, suffices to carry the 
representative point in the figure beyond the bend of the curve and 
to leave the current of the value represented by AQ. The joint is 
said to have ‘‘cohered.” To restore affairs to their original con- 
dition, it is necessary to reduce the E.M.F. below the value OB. 
Usually this is done by ntomentarily interrupting the circuit by a 
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\ 
slight blow—a process called by Lodge * tapping back,’ or some- 
times ‘‘ decoherence.” 


On the other hand, some coherers have characteristics like Fig. 211, 


p. 272. and do not need tapping back; they are usually called ~ self- 
zestoring coherers.” Any single-contact coherer can be converted 
into and used as a self-restoring coherer by adding resistance in 
series with it, until the ‘‘S”’ shaped part of the characteristic be- 
tween P and Q in Fig. 214 is straightened out. In consequence of 
this fact, it is not possible to classify contacts as “ ordinary coherers ”’ 
and “ self-restoring coherers”’ ; much depends on the resistance of 
the circuit into which the coherer is introduced. 

The following coherers have been used for receiving signals :-— 

‘Two (or more) steel balls in a glass tube with connections made to the 
outer hemispheres of the balls. The tube may be filled with oil and the 
pressure varied if desired. 
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A metal point carried by a spring adjusted to touch a metal plate 
{ Lodge). 

Two slightly oxidised steel needles or copper wires resting in light 
centact (Branly and others). | 

An oxidised wire dipping into mercury, such as a tantalum wire (L. H. 
Walter) ; or an oxidised iron wire or steel needle (Eccles) ; ora ‘‘ helion ” 
wire (de Forest). 

‘An oxidised or sulphided iron wire touching a clean iron plate or vice 
dersa, or both wire and plate oxidised. (See Figs. 215, 216, and 217.) 

A form due to Branly consisted of a small steel tripod with its three feet 
exidised and resting on a horizontal polished steel plate. It is tapped 
back by a light blow. 

Two pieces of carbon or graphite in light contact, or a piece of carbon 
touching a piece of steel (Hughes, Jervis Smith). 

Two pieces of the same badly conducting mineral, ¢.g., galena, in firm 
contact (Sutton, Eccles). 
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A globule of mereury between two iron plugs in a horizontal glass tube. 
The faces of the plugs are vertical about 2 mm. aryart, and the globule 
should rest against both (Tommasina, Castelli-Solari). It is usually self- 


restorimg without other resistance than the telephones in series. 

A. steel dise with horizontal axle slowly rotating with the lowest point 
of the rim just immersed in a poo] of mercury covered with a film of oil 
(Lodge-Muirhead-Robinson). The working E.M.F. ranges from 0-05 te 
0-5 volt and the instrument is used with a . siphon recorder. The rim of 
the disc is kept clean by a wiper. 
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SINGLE CONTACTS WITH ASYMMETRICAL CHARACTERISTICS, 


These are commonly known as crystal detectors or crystal rectifiers, 
or thermo-electric detectors. Broadly, the active contact is arranged 
between a metal and a conducting mineral or between two different 
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conducting minerals, but any substance, mineral or not (2.9., Car 
_ borundum), that possesses a high resistivity. coefficient with tem- 
perature, and high Peltier. and Thomson coefficients, can be utilised 
in making a detector. The introduction of these detectors is largely 
due to F’. Braun, L. W. Austin, G. W. Pickard and H. H. C. Dunwoody. 


+ Zincite Positive 


Volt 
Fig, 218.—Zrxcrre-CHALCOPYRITE. VOLTAGE-CURRENT CURVE. 


1-0 ie] 1-0 Volt 
Zincite Negative Zincite Positiva 


Fig. 219.—ZrIncire-CHALCOpYyRITE DETECTOR. SENSITIVE CURVE.: 
H.F. Input, Vy ==6°2 x 10-8 watt. 


Combinations of the following substances have been invented and 
re-invented several times :— 


Elementary substances, such as silicon, boron, graphite, tellurium, 
arsenic and metals. 
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_ _ Natural sulphides, stich as galena (lead sulphide PbS), iron pyrite (eS,), 
ehalcopyrite (FeS+CuS), bornite (3Cu,8, Fe,S,), molybdenite (MoS). 
Natural oxides, such as zincite (ZnO), brookite (TeO,), iserine 
{(FeTe),03), psilomelane (MnO,-+-), cuprite (Cu,O), cerussite (PbCO,) 
Also smaltine, chalcocite, inserite, &c. 
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Fig. 221.—CarBoRUNDUM. VOLTAGE-CURRENT CURVES. 


Among those which have been widely used for practical work are : 


_ The perikon detector (G. W. Pickard), consisting of a firm contact 
_ between zincite and chalcopyrite. Its various curves are given in 
Figs. 218, 219, 220. 
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The iron-pyrite-gold detector (Meunier, Sutton). It is necessary, fo 
the best results, to have the rounded end of the gold wire touching a 
fractured surface of the pyrite. The fractured surface presents a number 
of very fine parallel striz, across which the blunt gold point rides,a8 

The carborundum and steel (or brass) detector (Dunwoody). Its 
various curves are given in Figs. 221, 222, 223. The brightly coloured 
crystal should be avoided. The best crystals are obtained from silvery grey 
close straight-grained masses free from. graphite deposit or signs of fusion. 
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Fig. 222.—CarBORUNDUM. SENSITIVENESS CURVES. 
H.F. Inrur W=7'85 x 10—* watt. 
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Fig. 223.—CarBoRUNDUM. POWER CURVES. 


Other favourite combinations are :— 


Copper pyrites—tellurium ; galena-graphite,-tellurium,—steel ; silicon 
-gold,—arsenic,—antimony,—bismuth,—steel ; molybdenite-metal ; zincite 
—bornite,—tellurium ; cerussite—silver. 
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‘Methods of Mounting the Active Substances. 


Very numerous designs have been evolved. Some pairs of sub- 
stances require a very fine adjustment. or these a screw with 
levers, or a magnetic adjustment, is appropriate, é.g., a carbon lamp 
filament, touching a tellurium surface, requires fine adjustment. 
Such detectors must be protected from vibration as far as possible. 
Other substances, ¢.g., the perikon detector, do not need more than a 
simple screw motion. In most cases it is important to secure the 
mineral substances to the metal parts by good mechanical and 
electrical joints. ‘To do this, one end of a crystal may be electro- 
plated with copper or silver, and then soldered on to the metal 
holder, or the crystal may be held in a pool of fusible metal or solder 
on the metal holder, so that it is gripped by the fusible metal as this 
solidifies and cools. . 

A detector formerly used by the Telefunken Company consisted of 
a washer of active material, such as psilomelane, clamped perma- 
nently between two brass plates. In the case of the carborundum 
detector, a crystal, about } in. long, is split off from the fritted masses 
that come fror the retorts and is grasped between two flat. brass 
springs, so that it is held firmly. 4. few trial settings in the springs 
enables the best position to be chcrwm. Or sometimes one end of the 
crystalline maws is set in fusible navtal in a brass cup. 

MULTIPLE CONTACT DETECTORS. 
Tce Filinzs Coherer. 
‘The filings coherer is the only multiple contact detector that has 


been much used in practice. Jn its primitive form it consisted of a' 


Fra. 224. 


heap of filings with two electrodes pushed into it, but not meeting 
each other (Calzecchi Onesti). Branly placed the filings in a tube 
and filled the interstices with various dielectrics: with a solid 
dielectric, such as resin, the coharer is not sensitive. The filings 
coherer was further improved by Branly, Lodge, Popoff and especially 
by Marconi, who reduced its dimensions and used smaller local 
currents with more delicate indicating apparatus than previous 
workers. Fig. 224 shows the most developed form of the Marconi 
coherer. The glass tube is about 3 in. long; the electrodes are 
silver plugs, 5 mm. diameter, and the gap is V-shaped, varying from 
1 mm. at its narrowest to 4 mm. at its widest part. The tube is held 
horizontally in a tapping mechanism, but can be rotated so that the 
filings can be made to occupy a narrow or a wide part of the gap, 
thus making the coherer’more or less sensitive. The filings consist 
usually of a mixture of nickel and silver, and the tube is exhausted 
thoroughly. The maximum direct current allowed to pass through 
the tube is of the order of a milliampere. The mixture, the size and 
the quantity of the filings, and the dimensions of the tube and gap are 
so chosen that a single dry cell supplies the best working local voltage. 
This obviates troublesome adjustments with a potential divider. 
With a good tube a single cell passes very little current, but a 
transient raising of the voltage, unidirectional or oscillatory, causes: 
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coherence. The relay tongue then moves, the inker and the tapper 
circuit are closed by the relay points, and the tube is decohered by the 
blow of the tapper. The blow must be delicately adjusted to suit 
the coherer. The coherer is connected to the high-frequency 
in the same position as the single-contact detector. 

The operation of a filings coherer is at each point of contact of the 
filings broadly the same as for a single contact, and therefore the 
characteristic resembles Fig. 211. But, besides this action between 
particle and particle, it appears probable that the action of the 
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Fig. 225.—-Fm1ncus CoHERER. VOLTAGE-CURRENT CURVES. 


electrostatic field between the plugs tends to make the filings settle 
down after each blow in a more or less orderly arrangement, with 
their long axes reaching across the gap, thus enhancing the sensitive- 
ness. At any rate, it is certain that a tube which is carefully pre- 
served from mechanical vibration may omit to record feeble signals, 
but immediately it is struck lightly by the tapper it commences to 
work and goes on recording the message. — 

In consequence of these facts, most information about a filings 
eoherer is got by determining a characteristic curve while the tube 
is being tapped regularly.. Fig. 225 shows a number of such charac- 
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GLOSSARY, 


"SOLE NOID, Srrarcutr. A coil wound on a right cylinder so as to give 
uniform magnetic field within it when “traversed by a current. 
The term is also applied to a thin cylindrical magnet uniformly 
‘magnetised. 

SOUNDER. Anarrangement for reading dot and dash signals by sound, 
consisting of an electromagnet enersised by the signalling currents, 
and a rocking armature. Dots and dashes are discriminated by 
the interval of time between the audible knocks made by the 
armature against a front stop and a back stop. 

SPARK. A luminous spasmodic discharge through a gas, conveyed 
more by ions of the gas than by ions from the electrodes, and 
starting at a fairly definite electric intensity which depends on the 
properties and pressure of the gas. 

SPARK RATE, Spark Frequency or Group Frequency of a discharger 
is the number of sparks per second. 

SPARK RECORDER. An instrument like the siphon recorder (q.v.) 
but marking the paper tape by means of sparks from a small 
inductorium, instead of with ink. 

SPECIFIC INDUCTIVE CAPACITY—symbol x, abbreviation S.I.C. 
—is the electric inductivity of a dielectric relative to air (or 
vacuum ?). It is the ratio of the capacity of a condenser with 
fixed armatures when the substance forms the dielectric to the 
capacity of the same condenser when its dielectric is air (or 
vacuum ?), In other words it is Inductivity (q.v.) relative to a 
standard medium. 

SPIRAL. The curve traced in a plane by the end of a radius vector 
turning steadily round its fixed end, called the pole, while increas- 
ing in length. In the arithmetic (or Archimedean) spiral the 
increase in Jength of the radius is proportional to the angle turned 
through. In ‘the logarithmic (exponential, geometric or equi- 
angular) spiral, the percentage increase of the Jeneth of the radius 
is proportional to the angle turned through. A helise i is sometimes 
called'a ‘“‘ spiral.” A spiral is sometimes called a “ flat spiral.’’ 

STANDINGOR STATIONARY WAVES. A term sometimes applied 
to the electrical vibrations of an open oscillator (q¢.v.). Such 
vibrations can be regarded at the resultant of two equal systems 
of. progressive waves travelling with equal speeds in opposite 
directions. See ‘‘ Node.” 

SUSTAINED or Continuous WavE TELEGRAPHY, includes those 
methods of radiotelegraphy in which the signs are transmitted 
as wave trains of constant amp’itude. The alternative methods 
employ damped trains of waves, and sustained waves are there. 
fore sometimes called ‘‘ undamp ed.” 

SWINGING. The repeated Pasbastion of signals between strong and 
weak, due to atmospheric causes. 

SYNCHRONISM means equality of frequency. See “‘ Resonance”’ and 
** Tuning. 

SYNCHRONOUS ROTARY DISCHARGER, or Disc, is one arranged 
so that the spark gaps are always smallest near the instants of 
maximum voltage. The spark rate is thus double of the alternat- 
ing current frequency. Occasionally the term is used in cases 
where the sparks are arranged to occur at any number of corre- 
sponding times in each half wave of the alternator. See ‘‘Rotary.” 

SYNTONY isa term used vaguely to, express the state of being ‘in 

» resonance,’ or “in synchronism.”’ 

SYSTEM OF WIRELESS TELEGRAPHY. A complete scheme of 
methods and means for the establishment on a commercial scale 
of radiotelegraphic intercommunication. between places called 

“stations.” In the ideal case the methods and the apparatus 
for sending and for receiving are all protected, in their essentials, 
by valid patents. Not all systems reach this ideal. 
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S.W.G. Abbreviation for Standard Wire Gauge. 


-TAPPING-BACK means the application of a light blow to a filings 
coherer to annul the coherence. 


TELEGRAPHONE. A magnetic phonograph in which speech currents 
or signal currents are recorded as permanent magnetic impressions 
on a moving steel wire. The instrument has been used for record- 
ing telephone conversations, and also in high speed automatic 
wireless transmission. 


TELEPHONE RECEIVER —often abbreviated to “Telephone ’—is 
the instrument used in ordinary line telephony.for converting 
speech currents into sound. In radiotelegraphy and in many 
laboratory measurements the telephone is used as an indicating 
instrument. See ‘“‘ Condenser Telephone,” ‘‘ Electrodynamic 
Telephone,” ‘‘ Electromagnetic Telephone.” 


TELEPHONE TRANSMITTER is the instrument used in ordinary 
line telephony, and in radiotelephony, for converting sound into 
current variations. See “‘ Microphone.” 


TELEPHONE, TUNED. See “Tuned Telephone.” 


THERMAL DETECTOR. One that obviously operates by means of 
the heat generated in a resistance by the received h.f, currents. 


THERMAL TELEPHONE. A telephone receiver in which the ex- © 
pansions produced in matter by heat due to variable currents are 
arranged to cause sound. . 

THERMIONIC CURRENTS are those carried through a gas or a 
vacuum by electrons or other ions liberated from an electrode by 
the agency of heat. See “‘ Ionic Relay.” 


THERMOELECTRIC DETECTOR, Crystat RECTIFIER, are names 
given to radiotelegraphic detectors formed of a contact of small 
area between two conductors, one (or both) of which has 
pronounced thermoelectric properties, high resistivity, and 
perhaps a negative temperature coefficient of resistivity. The 
contact is in some cases very light and mobile (a microphonic 
joint), in others heavy and firm. Some detectors have their 
effectiveness increased by the passage through them of a small | 
steady current. In all cases their chief property is that a stated 
E.M.F. applied to the contact produces a greater current across 
it in one direction than in the opposite. 

THERMOELECTRIC FORCE arises in a circuit comprised of two 
materials in series, when the joints are at different temperatures. 
If the difference is maintained a steady current flows, heat is on 
the whole absorbed by the agency of the Peltier and Thomson 
effects (g.v.), and appears as equivalent mechanical work or 
Joulean heating or both. | 

THOMSON EFFECT is the phenomenon of th& appearance or dis- 

: appearance of heat when a current flows from a cold towards a hot 
part of aconductor. In unequally heated copper, heat is liberated 
at a point when the current and the heat flow in the same direction, 
and “is absorbed when they flow in opposite directions. . The 
Thomson effect is measured by a quantity termed “‘ the specific 
heat of electricity.’ 

THREE-ELECTRODE TUBE. See “ Ionic Relay.” 


TICKER or TIKKER isa form of interrupter, or anequivalent apparatus, 
used in sustained wave telegraphy for giving audibility to the 
silent body of the dash or dot, of which only the beginning and 
the end would otherwise be heard. A successful form of ticker 
acts by repeatedly connecting a large condenser shunted by a 

“x telephone across the h.f. condenser of a receiving set. 


MAGKETIC DETECTORS. 


teristics. The curves A, B, &c., were obtained from coherers of 
smaller and smaller sensitiveness. 

__.Many other designs of filings coherer have been published. In 
some the quantity of filings between the plugs is adjusted by aid of 
reservoirs blown on the sides of the glass tube, in others by aid of a 
channel through a plug. In some instruments with magnetic filings 
the decoherence is effected by applying a magnetic field instead of a 
mechanical shock. Filings coherers have been used in which the tube 
was kept rotating slowly ; or the filings, if magnetic, were perpetually 
stirred by a rotating magnetic field. None has proved more generally 
useful than the Marconi coherer. All coherers, however, made with 
metal filings are lable to be permanently spoiled by a strong “‘ stray ” 
or by a local spark. 

Coherers have been made with other materials than metal filings 
and plugs. Carbon, in its various forms, has been a favourite 
material ; carborundum powder has been investigated, but there 
does not appear to be in the literature of the subject any account of 
experiments with materials such as powdered galena between, say, 
galena plugs. 


E MAGNETIC DETECTORS. ; 
The phenomenon concerned in this detector can be traced back to 
Henry s experiments in 1842, but the first application to the detection 
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Fic, 226.—RESPONSE oF MAGNETIC DETECTOR COMPARED WITH 
GRADIENTS oF J, H Curve. (All scales arbitrary.) 


- of electric waves was made by E. Rutherford in 1896. The waves 
‘received from a Hertz oscillator were made to excite oscillations 
' in a small coil surrounding a steel needle magnetised to saturation. 

The effect is a partial demagnetisation of the needle, which Ruther- 
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ford detected by a magnetometer. E. Wilson made the re-mag- 
netisation automatic. In 1902 G. Marconi exhibited two forms ‘of 
magnetic detector in which the principle above stated was gene- 
ralised. He found that if a piece of iron is placed in an increasing 
magnetic field the electrical oscillations in a coil surrounding the 
iron assist the magnetising process, or, if the field is decreasing, assist 
the demagnetising process. The oscillations, in fact, tend to reduce 
the area of the hysteresis loop (which is obtained by plotting magnetis- 
ation against the magnetic force applied to the iron) at whatever 
point of the magnetic cycle they act. The same phenomenon was 
observed about the same time by E. Wilson. The closed curve of 
Fig. 226 shows the hysteresis loop for a particular sample of Swedish 
iron. The dotted curve shows the effect of a single train of oscilla- 
tions at points on the ascending half of the hysteresis loop. The 
full line, unclosed, represents the gradients of the ascending half of 
the hysteresis loop. It will be seen that the maximum effect of the 
train of oscillations occurs when the iron is being magnetised and is 
at a slightly stronger field than’ that corresponding to the steepest 
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Fig. 227.— RESPONSE OF MAGNETIC DETECTOR AT VARIOUS VALUES 
oF J and H. (All scales arbitrary.) 


z 


part of the hysteresis loop. Fig. 227 shows the response of the 
detector (change of /) at various values of the intensity of magnetism 
‘ J and the field H, for four different magnetic cycles. 

Fig. 228 shows one of the telegraphic forms of the instrument as 
developed by the Marconi Company. The iron is in the form of a 
stranded cable carried on two pulleys, rotated by clockwork. Any 
point of the iron, during its journey from one pulley to the other, 
becomes magnetised, and then demagnetised, when passing under 
the poles of the magnets. At the place where the rate of change of 
magnetisation is greatest the iron passes through a glass tube carrying 
two windings, one a single layer coil wound directly on the tube, the 
other a bobbin of a considerable number of turns fixed over the 
former winding. The trains. of oscillations to be detected pass 
through the small winding and produce sudden changes in the mag- 
netisation. These, in their turn, induce E.M.F.s in the winding 
on the bobbin, and therefore currents in the telephone connected 
to that winding. By the method of setting the magnets shown in 
the sketch, the breathing sound which was objectionable in the early 
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types of the instrument is eliminated. In the commercial forms of 
this detector, by having two pairs ef magnets acting on the two 
straight parts of the endless band of iron wire, a double instrument 
isarrived at. The two instruments are sometimes used in parallel with 
long wave signals. The speed of the iron band is usually about 4 ft. 
per minute ; and the resistance cf the telephone coil is about 70 ohms. 

The phenomenon upon which the above detector is based has 
been applied by a number of other inventors—e.g., Tissot has used 
a steel ring wound like a Gramme ring, rotated between the poles of 
a magnet with four slip rings on its shaft, two brushes being in the 
oscillation circuit and two in the telephone circuit. 

The principal defect of the magnetic detectors hitherto devised is 
that they are liable to prove insensitive with musical spark signals, 
for the reason that the first few sparks use up, so to speak, the iron 
available at the moment, and the slow motion of the band (in the 
Marconi instrument) does not bring fresh iron up sufficiently quickly. 
Again, a heavy “stray? may use up the iron available, and so 
nearly wipe out signals till fresh iron comes into the oscillation coil. 

The energy required to make an audible dot with a good magnetic 
detector and telephone has been estimated at 0-0025 erg. 

Other types of magnetic detector have been proposed, but none 

of these has come into practice. The Walter and Ewing detector 


Fig. 228.—D1aGraMm oF MAGNETIC DETECTOR. 


utilised a phenomenon which these experimenters discovered, that 
a train of oscillations produce an increase of hysteresis in hard steel. 
tossi has proposed to use the Wiedemann magneto-elastic effect in 
very fine iron wires. R. A. Fessenden proposed to construct. a 
recording detector by aid of the known frictional method of measur- 
ing changes of magnetic induction. This method consists of measuring 
the varying tangential effort necessary to make one piece of iron 
slide over another, and has been independently appliedto making 
commercial tests of iron under ordinary ranges of B and H, 


ELECTROLYTIC DETECTORS. 


In one type of electrolytic detector, now merely of historic interest. 
the processes of electrolysis are employed to form fine threads of 
metal across the gap or gaps, and these threads are destroyed by the 
oscillations to be detected. The consequent alteration of resistance 
is observed by telephone or galvanometer. Of this type is the 
detector of Neugschwender, in which the gap consists of a razor mark 
on a lightly silvered glass plate, and the electrolyte is merely deposited 
moisture, and also the “ responder” of de Forest and Smythe. In 
this instrument a soft paste of lead oxide, metal particles, glycerine 
and water is placed between two metal electrodes, 0-01 in. apart, 
and is used while a small current is running through it. 
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The other type of electrolytic detector has its conductivity in- 
ereased by the arrival of a train of oscillations. Its invention has 
been claimed for Ferrié, Vreeland, and Schloemilch. Jt consists of 
two platinum electrodes in dilute sulphuric acid or dilute nitric acid 
(1 of acid-to 4 of water). One electrode is a platinum wire drawn 
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Fig. 229.—EvECrROLYT.C DETECTOR. VOLTAGE-CURRENT CURVES. 


by the Wollaston process, dipping into the electrolyte a fraction of a 
millimetre. The other is a piece of thick wire or platinum foil well 
immersed. When the P.D. between the electrodes is less than 
1 volt the current that passes is very small; but as the P.D. is in- 
creased the counter E.M.F. of polarisation is overcome, till finally 
a large current flows with evolution of gas. The stage of the process 


3 4 Volt 
Paint Negative Point Posttiva 
Fig. 230.— ELECTROLYTIC DETECTOR. SENSITIVENESS AND EK. M.F. 
H.F. Ixeut, W=5°2 x 10-3 watt. 


which is useful for detecting feeble electrical oscillations is that: 
where the bubbles of gas do not yet form on and break away from 
the point freely. ie| 
The characteristic curve of such a detector, with the platinum 
wire 0-:0006 cm. diameter in sulphuric acid, is shown in Fig. 229. The 
sensitiveness curve for this same detector is shownin Fig. 230, and the 
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power curves, as measured by the sound in the telephone, in 
“Fig. 231. Curve a of Fig. 231 shows the relation between the power w 
delivered by the detector to the telephone and the power } given 
n the form of electrical oscillations to the detector when the P.D. 
between the platinum point and the large electrode has the value 
2-9 volts, the voltage of highest sensitiveness. Curve c is al 
attempt to reach the best possible sensitiveness with the fine point 
as cathode ; but it is to be remarked that, when the point is covered 
with hydrogen, the electrical conditions seem somewhat unstable 
and the best P.D. is an uncertain quantity. This is in strong con- 
trast with the definite conditions that rule when the platinum point 
is polarised with oxygen. Austin, using alternating current of low 
frequency, showed that the detector was affected by electromotive 
amplitudes of one ten-thousandth volt, and he found that oscilla 
tions produced by spark discharges in the same laboratory affected 
the detector equally whether the small electrode was anode ot 
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cathode. Fessenden suggested that the action of this detector 
depends upon the oscillations warming the very small mass of liquid 
immediately surrounding the point electrode. The present author has 
suggested, and has given numerical results in support, that a principal 


function of the direct current through the instrument is to blow a 


small gas bubble round the platinum point, and then the oscillations 
have to travel in the very thin film surrounding the point. The 
rise of temperature in this extremely minute mass of matter produces 


- an increase of conductivity, since the resistance temperature coefficient 
of the electrolyte is negative. 


“,The most practical form of the electrolytic detector is that due 
to Reich, who applied the Wollaston process to drawing the platinum 
wire with a glass coating instead of a silver or iron coating. The 


_ compound wire of glass and platinum need only be broken across and 


dipped to any convenient depth in dilute sulphuric acid to make a 
fairly sensitive det actor. 
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The sensitiveness of the detector for a single dot which was just 
audible in a pair of good telephones has been given as 0-001 erg. 
A good instrument with suitable telephones and average ears will 
Field unit audibility (dots and dashes just distinguishable) under the 
stimulus of about 6 x 10-'? watt. : 

This detector has been used with a siphon recorder, or relay and 
inker, by the Telefunken Company. All conceivable combieations of 
metals and electrolytes have been tried. A convenient form of 
instrument, if independent cells ‘and potentiometer are undesirable, 
can be made by using a piece of zinc as the large electrode in the 
above described arrangement ; the metal and the electrolyte then 
constitute their own cell. 


THERMIONIC DETECTORS. 


The Vacuum Valve with Hot Cathode. — 

This instrument is due to J. A. Fleming. It consists ot 
a small filament lamp, with an additional electrode connected 
to a metal plate or cylinder near or surrounding the “filament. 


1 1 


Fig. 232.—Tae FLEMING VaLvE iG. 233.—-THE FLEMING VALVE WITH 
CIRCUIT. TELEPHONE TRANSFORMER. 

L should be large, C small, and Tele- SP. Secondary is that_of 10” inductorium, 

phone with long winding. primary 5 layers, S.W.G. 22; K about 


500 e.s.; Kt about $uF. Battery 16 V. 


When the filament is made incandescent by a battery, an E.M.F. 
applied between the metal plate and either terminal of the filament 
produces in general a much larger current from plate to filament 
through the rarefied gas in the bulb than in the opposite direction. 
Both carbon and metal filaments have been used, but in practice 
carbon filament scems to be preferred, and a standard pattern 
adopted by the Marconi Company nossesses a 12-volt filament. 

_ The connections of the detector for use in wireless telegraphy are 
shown in Fig. 232. Since the detector has a very high resistance, 
the condenser C should be very small and the inductance JL rela- 
tively large, and, besides, the telephone ought to be wound of very 
high resistance, say 4,000 or 5,000 ohms. If a high resistance tele- 
phone is not available, a telephone transformer should be used to step 
up the current. This arrangement is due to Marconi, and is shown 
in Fig. 233. The sensitiveness of the detector is in all cases increased 
by the application of a local voltage in the high frequency circuit — | 
through the gas. A noteworthy fact about the valve is that its action 
is interfered with if the glass of the bulb becomes statically charged, 
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and for this reason the bulb is surrounded by a copper gauze screen 
which is earthed by connecting it to the battery - upplying the lamp. 


INVESTIGATIONS oF IONIC TusBEs. | 


It is of interest to notice that the diameter of the electron is esti- 
mated as 3-7x10-*cm. The hydrogen molecule is estimated to 
have a diameter of 2:17 10-8cem., which is 60,000 times larger. 
The speeds gained by electrons moving freely in an eléctric field are 
given by the equation :— 

gmu?=Vq, or u=r/(2V¢q/m), 

where F is the P.D. from the beginning to the end of the path, q is 
the charge and m the mass of the electron, and is the final speed 
Supposing the electron starts from rest. The ratio g/m has been 
measured in many ways, and is known to be 1:77 10-7 in e.m.u, 
Thus, in rising through 1 volt, the speed gained is 6,000 cm. per 
second, and in rising through 100 volts, it is 60,000 cm. per second, 
er more than 1,300 miles per hour. 
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Fie. 234.—Curves SHOWING VARIATION OF SENSITIVENESS. 


The vacuum valve has been investigated by Willows and Hill. 
In their experiments the negative electrode was a platinum strip 
covered with lime placed a few millimetres distant from another strip 
covered with aluminium phosphate. Lime when heated emits negative 
electrons, and aluminium phosphate emits positive electricity. 
The characteristic curve between polarising volts and current is 
shown in Fig. 234. The curve A shows the direction of the rectifying 
effect. The sensitiveness on the high branch of the curve J is some- 
times a thousandfold that obtained when using the valve without 
a polarising K.M.F. (The B curve is on a reduced scale as compared 
with the A curve, and the lime cathode was heated to a higher 
temperature than the anode.) 

O. W. Richardson showed that if the existence of free electrons in 
metals be admitted, and that they have velocities distributed accord- 
ing to Maxwell’s law and in thermal equilibrium with the molecules, 


the saturation current would be of the form 
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He obtained the values of the constants a, 6 by aid of experiments 


on platinum, carbon and other conductors. Later, he showed that 


the parameters probably varied with temperatures, so that 
i=l 3 

Many experimenters have produced evidence for and against these 
formule, and it is yet a moot point whether the existence and possi- 
bility of these thermionic currents is or is not due to impurities in the 
metals. By some observers it is said that the presence of traces of 
gas alters the emission seriously. 

E. R. Stockle has experimented with molybdenum, which has a 
melting point of 2,520°C., with a view to obtaining more concordant 
values for the thermionic currents than had hitherto been recorded. 
The molybdenum was usually in the form of a wire about 5 mm. in 
diameter, and the anode was a concentric cylinder with two end 
guards consisting of equal coaxial cylinders. Very careful precau- 
tions were taken to remove adsorbed gas from the glass or to retain 


there the residue, and the vacuum finally maintained was less than ~ 


5x 10-5 mm. at a filament temperature 2,300 K. Under these condi- 
tions the electron current was limited by the space charge in accor- 
dance with Langmuir’s three-halves power law of voltage. The 
constants in the Richardson equation still varied greatly with slight 
changes in conditions, but the best values are given as a=5:0 x 104, 
b=8-1 104 at pressures less than 0-001 mm. of mercury. It was 
found also that the film of molybdenum oxide on the filament in- 
creases the emission of electrons until at about 1,400°C. it is decom- 
posed. At 5-0x10-° mm. of mercury a carefully cleaned sample of 
molybdenum gave at first when raised to a temperature of 2,100 K 
the values a=1-1 x 108, b=5-36 x 10', but if the filament was kept 
cold for a time these values alter to the larger ones above—an effect 
attributed to the adsorption of gas by the filament. 

For tungsten, K. K. Smith found the values a—6-74 x 108, 
6=54,700, with vacua in which the pressure was as low as a millionth 
of a millimetre of mercury. J. Langmuir found a=3:-4x10', 
6=55,500, under a pressure of about one ten-thousandth of a milli- 
metre of mercury. 

Perhaps the most instructive account of the phenomena that 
occur in tubes containing no other gas than mercury vapour and 
with this vapour at pressures such as may occur in the practical 
forms of bulbs, is that given by Richardson and Bazzoni. They 
measured the electron currents flowing under various P.D.s from 
an incandescent tungsten filament to a cold anode of nickel wire. 
With small P.D.s the currents follow the law enunciated above, 
as in extremely high vacua. Then when the voltage across the 
tube is raised to about 20 volts, there is a violent rise of the current 
from, say, 100 microamperes to 1,000 microamperes. The actual 
“proportional rise depends on the vapour pressure, being small at 
very low or at very high pressures. The larger current can be 
maintained with a few volts less than that needed to start the 
augmented current. Whether or not there is any visible glow in 
this highly conducting state depends on the pressure of the mercury 
vapour in the tube—if the vapour pressure is greater than 0-001 mm. 
there is always visible glow, but otherwise there is not. On the 
other hand a strong emission of ultra violet light always accom- 
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panies the sudden rise of current. These phenomena do not happen 
if the filament is run at a rather low temperature—in this case a 
saturation value of the current is quietly attained. 


SPACE CHARGE. 

The “space charge” is the cloud of flying negative electrons 
that forms between an anode and a glowing cathode when a constant 
voltage is applied between these electrodes and current permitted to 
flow. In a “hard” tube, 7.e., a tube containing no free gas, and 
therefore no positive ions, if the cathode be maintained at a con- 
stant temperature the electrons are emitted at a steady rate, and at 
any instant are to be found spread across the space between cathode 
and anode according to the laws of their mutual repulsion and the 
value of the electric field due to the electrodes. Imagine three 
points, A, P, C, on a straight line to represent respectively the anode 
maintained at constant potential, any point of the space between 
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Fie. 235.—Errecr or Space CHARGE (Bown), 


them, and a cathode at zero potential ; an electron at F experiences 
(1) the attraction due to the positive potential of the anode, (2) the 
repulsion due to the electrons between A and P, and (3) the repul- 
sion due to the electrons between P and C. The forces (1) and (3) 
act together, and force (2) acts against them. The electric force, i.e., 
the potential gradient, therefore diminishes on passing from A to 
C, and, in fact, may be very small or zero near ©; in the latter case, 
the current flow across the space is null on account of the space 
charge, and thus all the electrons emitted from C return to it. In 
general, there will be a small current flowing, but under the condi- 
tions described this current will not increase much when the tem- 
perature of the filament and the electron emission areincreased. On 
the other hand, if the electron emission is not sufficient to establish 
the space charge fully, there will be a current flow of amount de 
pending on anode voltage and on the geometry of the electrodes. 
This is shown by the curves in Figs. 235 and 236. 
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At any definite filament temperature and rate of emission of 
electrons, the current passing between anode and cathode increases 
as the P.D. is raised until all the electrons emitted are being trans- 
ported to the anode. After this, increase of P.D. is futile, because 
no more electrons are available without raising filament temperature. 
Corresponding values of filament current, anode current and P.D. 
are, under these conditions, called ** saturation’ values. 

Irving Langmuir has given formule connecting the anode currents 
and voltages less than “ saturation” values for constant filament 
current, taking account of the space charge effect, which was, in fact, 
first explained by Langmuir. When anode and cathode are parallel 
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plates distant 2 apart, the current 7 per square centimetre, and 
voltage V are connected by the formula 


eV 2 yt Gee 4 
aa: / (f ) @ in @.m.u. per square cm., 


when g/m is the ratio of the charge on the electron to its mass. 


In"c.m.u. g/m=1-17 Xx 10-7. 
Hence : t= 2-33 x 10-8 V2 /a?. 
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When the cathode is a wire radius a, and the anode a concentric 
cylinder radius r, and when a/r<0-1, the emission per square centi- 


metre is 

2 eae: oon eine , 

se ee a/ (4) ~, in e.m.u. per square centimetre, 
or t= 14-65 x 10-8 V2 /r, 


The above explanation deals with pure electronic emission. In 
tubes containing an appreciable amount of gas, 7.e., soft tubes, the 
flying electrons ionise some of the molecules by collision, and thus 


the effects of the space distribution. of 


the positive ions have to be 


considered as well as that of the electrons themselves. ‘This has been 
lucidly discussed by R. Bown, some of whose conclusions are sum- 


marised below. 
The Kenetron. 


Utilising these properties of extremel y high vacua, Langmuir has 
constructed very effective rectifiers—named “‘ kenetrons.” They can 
be made, if desired, capable of operating at voltages as high as 180,000, 


when they pass about a quarter ampere 
in one direction and practically nothing 
in the other. 

Fig. 236 gives the characteristics of 
a typical kenetron. As an example of 
its use, take the temperature of a fila- 
ment as 2,400 deg., where the maximum 
current that can be obtained with any 
voltage is 112 A., and suppose the re- 
sistance of the load to hold a current 
at a value of 54mA.; then the curves 
show that the voltage drop in the kene- 
tron would be 75-5 V., the remaining 
voltage, which may be many thousands 
of volts, being consumed in the load. 


Fia. 237.—MoLyBpDENUM 


Fig. 238.—KENETRON , WITH 


Cap Type oF KENETRON FILAMENT BETWEEN Two 
(10,000 volts). PaRraLLEL Prates (50,000 volts), 
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This consists of a vacuous bulb containing a glowing filament as 


cathode and two other electrodes. One of these may be regarded as 
the plate in the valve described above, the other is a grid or perfo- 
rated plate which is fixed between the filament and the plate. 

‘The nomenclature of these vacuum tubes is unsettled. Some- 
times they are called the three-electrode thermionic tubes, some- 
times audions, sometimes double anode valves, or vacwum relays, 
or electron relays, or thermionic relays; and the word amplifier, 
magnifier or repeater often replaces the word relay. The term ionic 
valve or ionic tube is general enough to include all types. The 
name audion is obtaining increasing vogue in various countries as a 
generic term, and is often used in these pages to mean any type of 
valve, in spite of the fact that it ought perhaps to be confined to tubes 
manufactured under the auspices of L. de Forest, who introduced 
the name. j 

In some tubes the currents are carried to perhaps a large extent 
by charged ions of molecular order of magnitude; im others, 
the currents are carried by electrons or negative corpuscles. Both 
kinds are used as relays as well as for detecting oscillations—in 
fact, there is often difficulty in deciding whether a tube is being 
used as an amplifier or as a detector in a particular set of connec- 
tions. The main anode, which in the earlier form of tube was a 
metal plate, is connected with the circuit in which the amplified 
current is to flow, and in consequence this circuit may be called the 
plate circuit or the repeat circuit. The repeat circuit is closed 
through the tube by its other terminal being connected to the glow- 
ing cathode. The third electrode is sometimes spoken of as the 
auxiliary anode, but in some modes of-using the tubes it is kept at 
negative potential on the whole, and therefore this name is not 
always appropriate. Since this electrode appeared as a grid of wires 
or a perforated plate in the early forms of apparatus it is often 
called the grid; but it may also be called the control electrode, for 
the reason that minute variations of its potential relative to the 
cathode, affect and control the relatively large currents flowing to 
the main anode, though the current flowing to the grid may be in- 
appreciable. The control electrode and the cathode are generally 
connected between two points of the high-frequency receiving circuit 
between which a large voltage arises during the reception of signals. 

In an ordinary tube with a fairly high vacuum, and tended for 
use in reception of signals, a current of about 10 microamperes 
may be passed from a hot cathode to an anode under a voltage of 
about 30 volts, with only negligible ionisation of the residual gas. 
At a higher voltage the velocity acquired by the electrons in the 
larger electric field may reach a value sufficient to enable an electron 


te split a gas molecule with which it collides into a negative electron 


and a positively charged ion of molecular size. Such “ ionisation 


by collision ” is the cause of the blue glow that marks the track of © 


the cathode rays in a Crookes tube. These new ions take part in 
carrying the current immediately they are formed. With higher 
voltages and more complete ionisation the cathode becomes the 
target of a bombardment by positive molecular ions, which heat 


it and rapidly disintegrate it. Moreover the bombardment releases — 
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_ oecluded gas from the electrodes, which tends to spoil the vacuum. 
If, however, the original vacuum is extremely good and the elec- 


trodes are initially free from occluded gas, there is no ionisation 
by collision, no disintegration of the cathode, and greater permanence 
of the vacuum. 

The precise modes of operation of the tubes in all the circum- 
stances in which they are now employed are not yet fully understood. 
According to Langmuir, the space charge between cathode and 
anode—-which is discussed above—once it is set up, limits the 
current flowing through the tube. Now the grid or control electrode 
is so placed in these devices that its electric field may have as great 
an effect as possible on that of the space charge. Ifthe grid be made 
negative, the escape cf electrons from the cathode is made still more 


_ difficult ; if the grid be made positive, the escape of electrons is 


facilitated, because the field of the space charge is cancelled to a 
greater or less extent. If the current between the cathode and the 
repeat electrode is mainly carried by electrons, it is evident that 
pulses of current will be created in response to variations of the 
control electrode potential. When, on the other hand, residual 
gas is present, the high external voltage always applied in the repeat 
circuit promotes ionisation by collision, which may be expected to 


_ assist the magnifying process. This explanation of the action of the 


control electrode is, however, only a partial one. It neglects, for 
example, the fact that slow-moving electrons may be liberated 
from the anode by impact of electrons—a circumstance that may 
become of paramount importance in some designs of tube. 


ee The Pliotron. 


Irving Langmuir has given the name “ pliotron” to his form of 
three electrode valve (see also p. 256). bey 

It has been found by W. C. White, that a very minute trace of 
certain gases may very greatly increase the sensitiveness of this 
device as a detector. For example, by placing within the bulb a 
small quantity of an amalgam of mercury and silver, the character- 
istics of the tube show a kink, as indicated in Fig. 239. With a detector 
of this sort, if the grid potential is adjusted so that its average 
value is approximately that at which the kink occurs, there is a 


very marked increase in sensitiveness. This is due to the fact that 
under these conditions either an increase or a decrease in the grid 


potential causes a decrease in the anode current. The sensitiveness 
of this detector is then very high. The quantities of mercury vapour 
necessary to give this effect are so low that anode voltages of 200 
or more may be used without any indication of glow discharge. | 
Another account states that with the correct pressure of gas in the 
tube the variation of current in the repeat circuit follows the varia- 
tion of potential imposed on the control electrode very much as in 
the case of the pure electron discharge; but at a certain voltage 
between the control electrode and the cathode; and within a small 
range, there exists a condition of lability such that when high-fre- 
quency oscillations are impressed on the control electrode there 
follows a sudden decrease of current in the repeat circuit. It is 
Stated that the cause of this phenomenon “ is decidedly obscure, but 


the existence of the phenomenon is very real.” The result is that a 
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very sensitive detector is obtained. T’o ensure exactly the necessary 
gas pressure, there is placed in the bulb, before sealing off, a small 
amount of vaporisable material—for example, an amalgam,’ or 
sulphur, or phosphorous pentoxide. Mercury itself gives too high a 
vapour pressure. When an amalgam is used, the metal to be amalga- 
mated—for example, silver—is placed in the envelope before evacua- 
tion, and some mercury in a side tube. After exhaustion the mer- 
cury vapour is allowed to diffuse through the tube. At room tem- 
perature one or two days are required for the amalgamation. The 
excess vapour is condensed in the side tube by a freezing mixture 
and the tube sealed off. It is stated that the’device so prepared wilk 
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' Fig. 239, —PLIoTRON CHARACTERISTICS. 


give at ordinary room temperature a substantially pure electron dis- 
charge between anode and cathode without gaseous ionisation, even. 
when the impressed voltage is raised to 400 volts. 


Explanation of Phenomenon in Soft Tubes. 


The grid is always near zero potential with respect to the filament, 
and therefore the electric field between it and the filament is of low 
value and the space charge easily forms. The grid tends to screen 
the filament and space charge from the anode voltage, and this the 
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more perfectly the finer its mesh. Now the introduction of gas 
allows the formation of positive ions by collision, and this occurs 
mostly where great electron speeds arise—i.e., between grid and plate. 
These positive ions tend to return to and accumulate near the fila- 
ment, inside the grid. The positive space charge so formed tends to: 
nullify the negative ions, and therefore more electrons can be drawn 
to the plate than before ; that is, the screening effect of the grid is: 
partially cancelled by the positive space charge. Since the grid 
potential determines the field between itself and the filament, the 
plate current will vary 
with the grid potential. 
The shape of the nega- 
tive part of the grid G4 DV, 
curve of asoft tube (Fig. 
240) shows that the flow 
of positive ions to the 
grid reaches saturation 
at quite low voltages. 
On the other hand, 
under positive voltages 
of the grid, the abun- 
dant supply of electrons 
gives a sharply rising 
curve. The position of 
the bend in the curve 
depends on the tem- 
perature of the filament 
and on the anode poten- 
tial, assuming that the 
nature and pressure of 
the gas and the geo- 
metry of the electrodes 
are given. It is to be 
noticed that the grid 
current is made up of | 
the algebraic sum of 
the positive and nega- 
tive ions that strike it, a) 
and that raising the é gars ie a ae z 
plate voltage (1) in- Grid Potential — vo/ts 
creases indirectly the Fic. 240.—Curvss or Sort TuBES (Bown): 
number of positive ions 
inside the grid and (2) increases the flow of negative ions up to a 
certain stage. Hence, it may be deduced that when the plate voltage: 
is raised the grid current curves shift downward and to the right, 
but, on the contrary, raising the filament temperature by increasing 
the supply of electrons moves the grid current curve upwards. By 
adjusting the piate voltage and the filament temperature, grid cur- 
rent curves may be moved to a desirable position on the diagram 
(Fig. 241). 

Bown has shown that the best operating point on the curves is, 
in every case, just above the knee. This fact, taken in conjunction 
with the foregoing paragraph, shows that the most sensitive pointy, 
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‘the point where the most advantageous bend in the grid current curve 
-occurs at the zero current value and where the optimum relation 
between the flow of the positive and negative ions to the grid is 
obtained, is identical with the point where the plate begins to be 
unable to draw any more electrons from behind the grid, even if 
considerably more of them are supplied. For higher filament tem- 
peratures an excess of electrons is present and, although most of them 


return to the filament, some are forced on the grid even when it is — 


at a negative potential, which means that the bend is smoothed out, 
-and also perhaps raised above the zero grid current line. For 
lower temperatures insufficient electrons are present to supply the 
demand of the plate, and the electric field near the grid is modified 
so that the grid cannot easily acquire electrons even when slightly 
positive. The positive ions form the principal part of the current 
-and the bend occurs less sharply and perhaps below the zero 
current line. Thus, either above or below the optimum temperature 
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of the filament, conditions are less favourable to sensitiveness, par- 
ticularly when the blocking condenser is employed. This shows 
why, in the ordinary use of the audion, the adjustment of the 
filament current is-the final and most delicate one. 
The values of plate voltage and filament current necessary for best 
adjustment are dependent on the nature and pressure of the gas and 
on the dimensions of the electrodes, since these things affect the 
amount of ionisation and the shape of the electric field. Decreasing 
gas pressure in a bulb requires an increasing plate voltage to bring 
1t up to the best condition. This is often noticed in a bulb which is 
used continuously for some time. The “ clean up ” of the gas lowers 
the pressure and the plate voltage must be raised from time to time, 
until, finally, either the bulb must be discarded or the gas pressure 
restored by heating up the glass walls. The reason is that the de- 
creased production of positive ions, due to a reduced number of gas 
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molecules, must be compensated by the increase of ionisation and the 
_ shift of the grid current curve which can be caused by a higher plate 


voltage. All Bown’s experiments have been carried on with the 
residual gas from the ordinary exhausting apparatus, in' which case 
the optimum pressure was 0-005 mm. to 0-010 mm. of mercury. This 

gas is no doubt made up principally of nitrogen and water vapour 
with a trace of mercury’ vapour, oil vapour, &c. Undoubtedly 

changes in the nature of the gas in a tube would have some effect on 

the characteristics of the operating curves, since they would he 

accompanied by changes in the ionising potentials. In a bulb which 

contains ionisable gas and which is used as’a detector considerable 

‘changes in the shape and size of the electrodes may be made without 

appreciable effect on the maximum sensitiveness, because the changes 

are largely neutralised by the necessary accompanying alterations in 
the plate voltage and the filament current. This is not true of ampli-. 
fiers containing very little gas. Variations in the sensitiveness are 

often observed when a magnetic field is caused to act on the bulb. 

These variations are due to the effect of the field in shifting the paths 

of the electrons and thereby modifying the operating curves into more 
or less advantageous shapes, as the case may be. Bulbs in which 
the grid and plate but partly enclose the filament are most affected 
by a.magnetic field. 

In the above explanation it has been assumed that the filament 
is at one potential throughout its length, which is, of course, not 
true. In most forms of lamp there is a fall of potential of about 
4 volts along the length of the filament. Thus the phrase “ potential 
of grid relative to filament ”’ is indefinite. If one point of the fila- 
ment may be considered to be utilised more than another, as may 
happen, for instance, with a looped filament, we may regard the 
phrase as applying to that point. Since in most cases it is desirable 
to use the valve with a negative potential on the grid, itis usually an 
advantage to attach the control circuit to the negative rather than 
to the positive end of the filament, and this practice is indicated in 
most of the diagrams in this book. When, however, the valves 
are used with special provision for applying any voltage at will to 
the grid, it is immaterial to what point of the filament circuit the 
connection is made. This difficulty of the fall of potential along 
the filament might be overcome by heating the cathode by some 
other means than by passing a current along it. In specification 
6,476/1915, Marconi’s Wireless Telegraph Co. and H. J. Round 
protect the use of a cathode consisting of a platinum tube covered 
with lime and heated by filaments passing through it parallel to 
its axis without touching it. 

G. Vallauri has described a long series of experiments on audions 
intended for receiving signals, both as rectifiers and as endodyners. 
One of the facts strongly borne out is that in many tubes, when the 
anode voltage is varied from a given value, and then returned to that 
value the anode current is not quite the same on the two occasions 
unless sufficient time be allowed for settling. Some ionic tubes 
showing this effect were found to be good rectifiers ; while those free 
from viscosity were good as generators of oscillations. The kinetic 
characteristics of viscous tubes are less steep than those of non- 
viscous tubes, and therefore the latter are preferable as amplifiers of 
rapidly varying currents, Toa 

299 


Handbook of Wireless Telegraphy and Telephony (Eccizs). 


Reception’ of Spark Signals by Valves. 
SIMPLE RECTIFICATION. 


The diagram of Fig. 242 shows the circuit in its simplest form. 
The oscillations of the antenna excite the tuned closed circuit, and 
the oscillatory P.D. across the terminals of the condenser acts on the 
grid, so that this assumes alternately higher and lower potentials 
than the negative terminal of the filament. Onaccount of the voltage 
drop in the filament, the grid is negative to all parts of it, and there- 
fore the grid current and voltage may be taken as represented in 
Fig. 243, supposing the tube to be hard. From the earlier discus- 
sion of the characteristics of crystal detectors, it is evident that the 
sharper the bend at P, and the greater the dissymmetry of the grid 
current, the better the rectification of a train of oscillations. 
This abstraction of electrons by the grid affects the space charge in 
the tube, and thus increases the plate current for the duration of 
the train. To bring the bend P to the best position for the actual 
distribution of P.D. between the grid and the various parts of the 
filament, the grid current curve may be moved bodily by adjusting 
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the emission of electrons and the plate voltage. As Rown has shown 
(see above), an increase of plate voltage at constant filament eurrent 

shifts the grid current curve to the right, and an increase of filament 
* current at constant plate voltage moves it to the left. When the 
tube is soft, the reasoning is much the same. The characteristics fer 
a soft audion are shown in Fig. 240 (p. 297). . 
CUMULATIVE RECTIFICATION. 

This method is shown diagrammatically in Fig. 244, and is well 
explained by Armstrong byaid of Fig. 245. In this method,'in- 
coming trains of oscillations affect the grid through the condenser C,, 
and the rectification brought about by: the bulb causes negative’ ‘alee: 
tricity to accumulate on the grid and the connected plate.of C5. "This 
is shown by the second curve of Fig. 245, where the grid is supposed 
to start a little positive, and is seen to become decidedly negative by 
the end of the train. The tube is supposed to be rather soft, and 
thus positive ions are available to annul the negative potential of 
the grid by the time the next train of oscillations arrives. The effect 
on the anode or “ wing ”’ current and in the telephone is seen from 
the third and fourth curves. If, on the other hand, the tube is hard 
—1.e., if there are no positive ions—the potential of the grid and con- 
nected condenser plate will not be restored quickly enough unless an 
external leak is provided. This is usually done by connecting a 
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_ resistance of several hundred thousand ohms across the terminals of 


the condenser. In the case of soft tubes, R. Bown has emphasised 
the importance of the grid current curve, Some typical curves for 
a soft tube are given in Fig. 240. The ordinates are the values of 
current towards the electrode from outside the tube, and the abscissee 
are the grid voltages. 
The potential of the 
negative terminal of the 
filament is assumed 
zero, and the grid and 
plate circuits start at 
‘that terminal. The 
curves correspond to 
the two cases 30-4 volts 
and 34:5 volts in the 
plate circuit. The upper 
part of Fig. 240 shows 
by the negative values 
of the ordinates that 
positive ions flowed to 
grid when this was at a suitably low potential. When the blocking 
condenser is inserted in the grid lead, as at C, in Fig. 244, no direct 
current can flow, and therefore the grid must assume the potential at 
which the current is zero. The points marked by small squares 
on the characteristics of Fig. 240 were obtained by measurement 
of the ultimate potential, and are seen to agree well with the crossing 
points of the grid curves in the upper part of the figure. Under 
these conditions, incoming waves oscillate the grid potential, the 
grid collects more electrons than positive ions, the representative 
point moves to the left of the figures, and the plate current falls a 
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definite amount by the end of the train of waves. The accumulated 
negative charge then attracts positive ions, the grid charge is neu- 
tralised, and the grid returns to the potential corresponding to zero 
current. The success of this arrangement is greater when filament 
current and plate potential are simultaneously so adjusted that the 
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leftward movement of the representative point carries it down a. 


steep part of the plate current characteristic. Moreover, the grid 
curve should show a sharp change in its gradient on passing from. 


positive to negative values across the axis cf zero current. 
RETROACTION WITHIN LrmiTs oF STABILITY. 


The electromechanics of retroaction between repeat and control 


circuits of the three-electrode tube have been discussed on pages 240-6 


where the process was used to produce electrical instability and conse- 


quently generated oscillations in associated vibratile circuits. The 


retroactive coupling may be direct or indirect, electric or magnetic. 


When it is adjusted till the amount of retroaction, whatever its kind,. 
is just not sufficient to maintain oscillations, a barely stable critical. 
condition is attained in which any electrical disturbance of the 


associated vibratile circuits produces a slowly decaying oscillation. 


17 


f 
Fig. 246.—Marconi Co. AND FRANKLIN. t 


Circuits utilising this critical retroaction appear very frequently, 
sometimes more or less perfectly disguised, in modern receiving 
apparatus. 

The principle of cumulative rectification is often simultaneously 
applied. 


Examples of Circuits Proposed for Reception. 


In specification No. 13,636/1913, Marconi’s Wireless Telegraph Co. 
and W. C. 8. Franklin show a method of reception of signals in which 
a three-electrode tube amplifies the high-frequency oscillation re- 
ceived on an antenna, whether damped or undamped. The circuits. 
are seen in Fig. 246, where the vacuum tube v has the usual hot cathode 
k, control electrode a, and repeat anode a’. The circuit clm is tuned 
to the antenna, and is arranged so that the oscillatory voltage at the 
terminals of condenser c acts, after addition of a steady voltage from 
battery p, on the control screen a. The figure shows coils m and n 
coupled, but even without this coupling the pulses of current in the 
magnifying circuit on the right of the tube set the tuned circuit fro 
into oscillation with augmented vigour when the voltage of the 
battery s is fairly large, say, about 200 volts.. When the coupling mn 
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is made appreciable the retroaction of the repeat circuit on the con- 
trol circuit builds up still greater magnification. If the coupling 
were made close enough the tube would generate oscillations con- 
tinuously ; but if it be made just less than this critical value the 
circuit behaves as if the effective damping of the whole system has 
been made very small. In consequence when the antenna is set into- 
oscillation by external agency, the disturbance subsides relatively 
slowly, and during this prolonged period D.C. energy is drawn from 


Fie. 247. 


the cells s and passes as A.C. energy to the detector. The detector q,. 
potential divider p’, and telephone ¢ are connected in the customary 
way for the indication of oscillations in the circuit fno. iy Sa 
Arco and Meissner, in No. 252/1914, give a method of amplifying 
received signals, which shows resemblances to the last described. In 
Fig. 247 are seen the connections for amplifying any variable current 
running in circuit 6. There are the usual hot cathode 2, control 
electrode 4, and main anode 3. The circuit 9 contains a source 10 of” 
high E.M.F., so that current flows from 3 to 2 inside the bulb. The 


Fic. 248. 


essential feature of the invention is that the amplifying circuit 9 is. 
caused to react on the control circuit 7, and this increases the ampli- 
tude of the disturbance in 7. The increase exerts in turn magnified 
effects on circuit 9, and thus a reinforcing process is set going which 
is only limited by the properties of the tube and by the amount of. 
energy that can be drawn from 11. These circuits and this process: 
are seen applied to the reception of signals in Fig. 248. The circuit 15 
with detector 19, block condenser 20 and telephone 21, constitute an. 
ordinary receiving set. When a wave-train arrives transformer 8. 
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applies an E.M.F. to the path 4-2 in the amplifying tube ; the mag- 
nified disturbance acts through transformer 12 and augments the 
oscillation in circuit 15 ; and thus an amplified oscillation is quickly 
built up at the expense of the generator 10, and only dies away when 
the wave-train ceases. 

Much the same sequence of events takes place in the scheme of 
Fig. 249, where, instead of employing a separate detector such as 19 
of Fig. 248, the tube is made to function as both detector and amplifier. 
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Fig. 249. 


‘The rectifying action of these tubes arises because as in the Fleming 
valve, the cathode 2 emits negative corpuscles almost entirely, and 
the current in the repeat circuit therefore consists of unidirectional 
pulses when alternating E.M.F. is applied in the control circuit 7. 
Lhe scheme of Fig. 249 operates thus : A train of oscillations received 
on the antenna affects, via transformer 14-8, the control electrode 4, 
with the result that pulses of current pass from 3 to 2 across the bulb. 
These pulses react by means of transformer 12 on the control circuit 7, 
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and tend to augment the oscillation there. In this way the pulsating 
current in 9 is worked up to a maximum, and the train of oscillations 
becomes translated into the passage of a jet of current in one direc- 
tion through the primary 26 of the telephone transformer. The vari- 
able condenser 28 is not used for tuning to the waves received but 
for the double purpose of passing the high-frequency pulses by the 
transformer 26-27 and of regulating the rate of handing of energy 
to the telephone. 
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Fig. 250 shows a similar arrangement, except that the filament and 
grid are connected directly to the aerial instead of to an oscillatory 
circuit coupled indirectly, and, besides, the inductance of the circuit ¢ 
is linked inductively with the coil f in the aerial to obtain the neces- 
sary retroaction. A rectifying detector, g, is required in the tele- 
phone branch. In Fig. 251 a choke coil ) shunted by a variable con- 
denser, 7, is inserted in series with the third electrode, and in this case 
magnetic coupling between circuits a and ¢ is not necessary. The 
condenser 7 is sometimes desirable, it is stated, in order to “ nega- 
tive the effect of the capacity i between a and b.” It is mentioned 
that in vacuum tubes of this type the glass becomes electrified 
through exposure to the cathode stream, which introduces effects 
similar to polarisation. To obviate this, both control and repeat 
electrodes are made in the form. of closed cylinders completely sur- 
rounding the filament. The capacitance between the cylinder may be 
sufficient to bring about the linkage between control and repeat 
circuit necessary for the generation of oscillations, thus allowing the 
magnetic coupling to be dispensed with. (For further details of these 
circuits, see under Marconi System. ) 
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Other Types of Ionised Gas Detectors. 

Other types of ionised gas detectors than the above have been pro- 
posed, but none have proved of sufficient sensitiveness for introduc- 
tion to practice. It will be sufficient to enumerate afew. Boltzmann 
in 1890 described a method by which electrical oscillations precipi- 
tated the discharge through a vacuum tube on which a local voltage 
was maintained just insufficient to break down the gas. This was 
improved upon by Zehnder in 1892, who named his arrangement a 
“ trigger tube.’’ More recently Wellisch used a similar principle. 
De Forest and others have proposed the use of gases ionised by 
flames. 


BEAT RECEPTION. 


When to the oscillations excited by signal-bearing waves in 
a receiving circuit is added # train of oscillations of slightly different 
period, the superposition gives rise to ‘‘ beats.” Fig. 252 represents 
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two oscillations of pericds differing by 20 per cent. of the quicker 
oscillation, the amplitudes being the same. The beats are shown 
graphically in the third line of the figure by simple addition of the 
ordinates of the upper two curves. The frequency of the beats is 
equal to the difference between the frequencies of the original oscilla- 
tions. Fig. 253 shows the case when, instead of the amplitudes being 


equal, they are in the ratio of 5 to 1. From the general theory of 


interference it follows immediately that if two alternating voltages of 
unequal amplitude be superposed ard caused to act on an instrument 
that can respond only to the difference frequency, then the effective 
amplitude is double that of the weaker constituent, and the rate of 
working is at most four times that of the weaker constituent. Thus, 
in beat reception the oscillations added to the signal vibrations 
should be of amplitude equal to that of the latter ; there is no advan- 
tage in adding oscillations of greater amplitude. In the application of 


tthe principle to wireless telegraphy the oscillations to be combined 


Fig. 253. 


may both be excited by waves coming from a distance or one of them 
may}be due to waves, the other to oscillations created in any Manner 
in a local circuit. 

ex An important advantage of beat reception is that high selectivity 
is easily attained. For instance, if signals of wave lengths 3,003 and 
3,010 meters are simultaneously being received, then local oscillations 
of wave length 3,000 metres will yield beat notes of pitches 100 and 
330 per second; which, if not tco unequal in intensity, are easily 
separated by ear. 

Although favouring continuous wave signals, beat reception is 
very successful with spark signals. The signals are usually heard. 
as a rustling noise, because the beats produced by successive trains of 
oscillation are not capable of combining to form the clear musical 
note obtained with continuous waves. If it is desired to receive very 
faint spark signals and still preserve the musical note of the spark (as 
during heavy strays) then beat reception must be replaced by 
ordinary detection with subsequent amplification, or the methcd of 
Fig. 246 may sometimes be used (p. 302). 
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_ “Heterodyne ’’ Beat Reception. 
__ This method of reception was proposed by Fessenden in 1902, but 
did, not begin its complete development until 1907. 

Fig. 254 shows a very early type of apparatus, where G represents 
a high-frequency generator, F and H tuning inductance and con- 
denser, A E an antenna. The oscillations in the antenna and 
those in the local circuit both act upon the core which attracts a 
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Fig. 254. Fig. 255. 
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telephone diaphragm, D. By adjusting F or H the operator may 
cause continuous wave signals to yield to his ear a musical note of 
any desiréd frequency. Thus, if the frequency of the waves were 
50,000 per second, by making the frequency in the local circuit 
49,000 per second a musical note of 1,000 per second would be yielded 
at the telephone diaphragm. 


Fig. 256.—HETERODYNE RECEPTION. 


" The National Electric Signalling Co. improved the efficiency of 
the arrangement by the device of Fig. 255, which is really an electro- 
‘dynamic telephone, one coil being fixed, the other being carried by 
the telephone diaphragm. 
A still further increase in sensitiveness was obtained by substituting 
for the electrodynamic instrument an electrostatic telephone, as 
Shown in Fig. 256. This arrangement gives a sensitiveness equal to 
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that of the usual detector, but its selective power is much higher and 
the response to Xs much less. It is stated by J. L. Hogan that 
with this instrument signals have been received over 3,000 miles, 
although the electrostatic telephone is notoriously insensitive. 

The latest arrangement, however, is that shown in Fig. 257. Lisa 
secondary coil and J a tuning condenser. - K and L are block con- 


Fic. 257.—HETERODYNE RECEPTION. 
denser and detector, and M is a magnetic telephone of the ordinary 
kind. FGH is the local oscillation generating circuit. 


In all the last three types the manner in which the beats are rectified » 
and indicated is shown graphically at D and E in Fig. 258. | 


Ir 


C=Beating oscillations, D=Beats rectified. E =Motion of diaphragm. 
Fig. 258. 


Recent measurements with the apparatus of Fig. 257 indicate that 
the heterodyne method of receiving may easily be made some 10 
times as sensitive as the ordinary detector method, and decidedly 
superior to the ticker method, for continuous oscillations. Unit 
audibility requires about 1:5 107°, watt on the heterodyne method, 
and 32> 10°29; watt on the rotary ticker method._{J. L. Hogan, in 


Proceedings Inst. Radio Engineers, Vol. I.] | 
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When the heterodyne apparatus is used for the reception of con- 
tinuous wave signals the operator is enabled, by his contro! of the 
local generating circuit, so to adjust the pitch of the musical note 
in his telephone as best to suit his ear. On the other hand, when 
signals are being transmitted by damped oscillations, the heterodyne 
yields in the telephone a hissing noise, or, if an attempt is made to 
reduce the pitch, a week, non-musical and tinny note. Thus, for 
heterodyne reception continuous waves have a considerable advan- 
tage over damped waves. 


Beat Reception by Oscillating Audions. 

On p. 240 is an explanation of the mode in which thermionic relays 
can be made to generate oscillations. Suppose that continuous 
wave signals are being received from a distant station while the 
detector is simultaneously generating oscillations of nearly the same 
frequency, then beating will occur with a frequency equal to the 
difference between the frequencies of the received and the generated 
oscillations. This beat frequency can be varied and brought within 


Fic. 259. 


the range of audition by adjustment of the frequency of the generated 
oscillations. The detector employed must be of a design that can 
give continuous high-frequency oscillations of suitable strength 
relative to the signals. The three-electrode tube lends itself espe- 
cially well to this method of reception. 

_ Usage varies as regards the naming of the various best methods. 
When the source of the local oscillations is quite apart from the 
local receiving circuits, as originally conceived by Fessenden, the 
‘mnethod is spoken of correctly as ‘‘ heterodyne,” meaning “ other 
forces.” When the source of local oscillations is, however, an essen- 
tial part of the receiving apparatus, the method may be spoken of as 
“ endodyne,” meaning “internal forces,” Instead of “ endodyne,” 
the terms “ self-heterodyne,” ‘‘ autodyne ” and ‘“ autoheterodyne ” 
have been used. 

EXAMPLES OF ENDODYNE CrRcurts. 

Circuits of Arco and Meissner. 

Arco and Meissner, in specification No. 252/1914, apply the 
vacuum tube oscillation generator described above to the method of 
reception in which the oscillations excited in the antenna by the 
incoming waves are caused to beat with slightly mistuned locally 
generated oscillations. In Fig. 259 the radioactive circuits are con- 
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nected to the vacuum tube 1 seen at the right-hand side ; and cirenit 
31 is slightly out of tune with the signal waves. These waves excite 
the antenna 13, and this acts, through the filtering circuit 37, upon a 
circuit containing a detector 19 and telephone 21. This last circuit 
is coupled to the local generating circuit by the coil 43 of the non- 
oscillatory circuit 41. Thus beats arise in the detector-telephone 
circuit. Ifthe beats are slow enough they give rise to a musical tone 
of frequency equal to the difference between that of the incoming 
waves and that of the local oscillations. The inventors state that 
the arrangement possesses high selectivity and also great freedom 
from strays. SH, ya 

In Fig. 260, from the same specification, is shown a highly magnify- 
ing arrangement for use with damped or undamped oscillations. 
The retroactive circuits shown in Figs.247 and 259 are again employed. 
The antenna 13 is coupled by windings 14, 40 with the oscillatory 
circuit 31, which is slightly out of tune with the antenna. The forced 
oscillations in circuit 31 act by means of windings 30, 8 on the con- 
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trol electrode 4, and the magnified result in the repeat circuit 9 
further enhances the current in 31. The tube thus acts as a relay. 
But if the coupling between windings 30 and 8 is made sufficiently 
close the tube acts at the same time as a retroactive generator, and 
free oscillations arise in circuit 31. Therefore, beats are produced, 
and a pulsating current of much lower frequency than the other 
frequencies may be made to flow in circuit 9. Now the telephone 
receiver 21 is coupled to the circuit 9 by the transformer 26, 27, and, 
further, the inductance coil 26 is short-circuited by the condenser 28. 
The low frequency oscillatory system thus formed is easily started — 
into vibration, and the vibration is sustained at a certain intensity 
by the tube and the retroactive circuits ; and thus a musical note is 
permanently produced in the telephone. This note may or may not 
have the same frequency as the pulsating current mentioned ten 
lines above; but this matter is easily arranged by adjustment of 
condenser 29. If these two low frequencies differ slightly the per- 
manent sound will vary considerably when signal waves arrive. The 
specification states that the contrast. between the permanent sound 
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and the sound as changed by the arrival of waves can be heightened 
by arranging the sending station to emit one wave-length for a mark 
and another for a pause. The rather complicated processes just 
described comprise, it will be seen, (1) amplification of the received 
oscillations at radio frequency, (2) generation of local radio oscilla- 
tions, (3) interference of the radio oscillations and amplification of 
the resulting audio current, (4) generation of an audio current in the 
telephone circuits, (5) interference between these last two ; and all 
with one vacuum tube. . 


A 
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Circuits of E. H. Armstrong. 


A noteworthy design for beat reception of continuous-wave 
signals is given by E. H. Armstrong in No. 24,231/1914, and is repro- 
duced in Fig. 261. Here the usual resonant receiving circuit L, C, S, 
where 8 is the secondary of the coupling transformer, is connected 
to the control side of the vacuum tube through condensers C’, C3, 

The repeat circuit L’, C®, C4 is also con- 

nected to the tube, and is coupled to the 

control circuit by condenser C? and in- 
ductance R. In this particular sketch the 
inductance of the telephone receivers is 
used for coupling. The condenser C® is 
varied till the oscillations generated by 

retroaction between the circuits has a 

frequency slightly different from that of 

the resonant circuit, and beats of audible 

. frequency can thus be produced. These 
low-frequency vibratory currents are 
amplified in their turn by the tube and 
its circuits, and, therefore, become evident 
as loud signals. 


Circuits of Marconi Co. and H. J. Round, 


The following particulars are taken from 
Specification No. 28,413/1913. In Fig. 262 
the reception circuit a is in parallel with 
the grid gas path, b toc, and the generating circuit ¢ isin parallel with 
the plate path,d toc. Thecircuitehasa frequency slightly different 
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from that of a. Varying the coupling between a and ¢ alters the 
frequency and intensity of the beat note, which is heard, amplified, 
in the telephone shown. In Fig. 263 the grid path is connected 
directly to the antenna, and a coil in the antenna acts inductively 
upon the circuit ¢. The beats are produced in e and rectified by a 
crystal g in the telephone circuit. In Fig. 264 a mode of connection is 
shown in which beats are again formed in e but the rectification is 
effected by the valve. ' The telephone takes the rectified beats 
through the chcking coil /, which is shunted by a condenser ¢ to allow 


of the sustained generation of the local oscillations. (For the use of — 


these circuits in spark reception, see “‘Systems.’’) 


Sensitiveness of Endodyne Methods, 

L. W. Austin has given the sensitiveness of the electroly tic detector 
as 25x 10-19 watt with a certain pair of telephones. With better 
telephones, he obtained the figure 12 < 10-1° watt with the oscillating 


Fig. 263: Fig. 264. 


Beat RECEPTION (Marconi Co. AND RouNpD). 


audion, and a 2,000-ohm pair of telephones. The sensitiveness is 
1:2x10- watt. These latter telephones were capable of a current 
of 510-19 ampere at 1,000”. Thus, the oscillating audion 1s 
more than 1,000,000 times as sensitive as the electrolytic detector, 


and 600 times as sensitive as the non-oscillating audion, on buzzer 


signals. 
L. W. Austin We described the results of observations made on 
the De Forest-Hudson filament audion. In this bulb nitrogen at 


about 3mm. pressure is used instead of a high vacuum. The. 


sensitiveness is about as great both for continuous and damped 
signals as in the case of high vacuum bulbs, and its utility as a 
generator is as great. At 10mm. pressure of nitrogen it is still 
sensitive as a detector, but is less efficient as a generator. When 
the nitrogen is at atmospheric pressure it ceases to act as a generator, 
and is not good as a detector, though it would doubtless be improved 
by bringing the electrodes closer together. The plate current is 
20 to 30uA at 200 V. 
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-E. H. Armstrong has made a very complete study of the various 
kinds of magnification occurring in the use of the valve in different 
well-known methods of reception. He used a dumb antenna 
coupled to a closed circuit to which the receiving ionic tube was 
connected. The antenna could be acted upon by a source of elec- 
trical oscillations of its own frequency provided by a valve generating 
set which was designed so that its output was unaffected by reaction 
from the dumb antenna. A similar valve generating set was used 
for producing oscillations ef nearly the same frequency as the other, 
and this functioned as the heterodyne circuit. The radio currents 
induced in the closed receiving circuit were measured by a rectifying 
detector and galvanometer, and similarly the audio currents pro- 
duced in the telephone circuit were measured by another rectifier 
and galvanometer. 

The receiving valve had its grid connected to a condenser which 
was short circuited by a leakage resistance in the ordinary way for 
operation as a detector, and the telephones were placed in the high 
voltage anode circuit of the receiving valve. When the heterodyne 


Ovir? oa oe T8810 
Radio Frequency Signalling Curr® 


Fic. 265.—Herteropyne AMPLIFICATION. 


current induced in the closed receiving circuit was equal to that 
induced by the source of signalling current—a condition spoken of 
as “ equal heterodyne ’”—it was found that the response in the audio 
circuit was from four to ten times as great as that given by inter-. 
rupting the signals with a chopper to make them audible. It was 
found next that still greater response could be obtained when the 
heterodyne current, as measured in the closed receiving circuit, 
was increased beyond equality up to a critical value which may be 
called “ optimum heterodyne.” yal 
Fig. 265 shows the relation between the amplification produced by 
the optimum heterodyne and by the equal heterodyne, the abscisse 
being the amplitude of radio frequency signalling current. So far 
as the apparatus permitted accurate measurement the response 
was increased 55 times as compared with equal heterodyne, 
and relative amplification of several hundredfold appears 
probable. A shunted telephone test gave an audibility of 
about 100 for the weakest signal of the curve got with equal 
heterodyne. : | 
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Another series of measurements was made to determine the rela- — 


tion between the maximum signal strength with separate optimum 
heterodyne and that obtainable when the receiving valve was made 
to oscillate—a condition of affairs which has been called “self 
heterodyne ” or ‘‘ autodyne,” or, better, “‘endodyne.” The results 
were very irregular owing to the extremely critical nature of the 
adjustment of endodyne circuits. The amplification easily obtained 
is about 50 times greater than that with optimum heterodyne. 
Thus by means of the endodyne method total magnifications of 


approximately 5,000 can be effected, the ratio being referred to the — 


signals given by the chopper method. 
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FUNCTION OF CHARGING TIME, ft (6=0°4), 


rp ~ = 
The explanation given by Armstrong for some of these phenomena 


is based on the shape of the grid current characteristics of the 


receiving ionic tube and is set forth graphically in Fig. 266. Curve A 


relates to equal heterodyne, curve B to optimum heterodyne. The ° 


voltage of amplitude V in the former case is aagmented to amplitude 


V-+v by the receiving oscillations and the grid condenser current 


total variation is represented by OQ. In the optimum heterodyne 
case the local K.M.F. has an amplitude V’ and the algebraically 
added signalling voltage v produces variations in the grid charging 
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THE TICKER. 


current proportional to R’O’. The voltage to which the grid and its 
condenser is charged is proportional to the charging current in each 
of these cases, and this in turn dictates the current that flows in the 
repeat circuit. The frequency in all these experiments was about 
40,000 per second. 


Other Methods of Reception of Continuous Waves. 


The methods involving the breaking-up of the received, wave- 
train into portions yielding, when suitably treated, an audible 
note in the telephones are not of great practical importance at 
the present time. Mechanical methods are described in the follow- 
ing pages. One or two other methods are indicated in the following 
paragraph. 

The continuous waves received at a station may be broken into. 
groups of audible frequency by applying alternating veltages between. 
various terminals of the tube usually supplied with steady voltage. 
In Specification. 5,342/1915 the Gesellschaft fiir drahtlose Tele- 
graphie protect a method in which audio frequency alternating 
E.M.F. is supplied in the repeat circuit, with the result that the 
imcoming continuous waves in the control circuit are given an audible 
amplitude variation while being magnified. Or, again, a radio 
frequency E.M.F. may be supplied to the repeat circuit so that 
amplitude variations arise of audible frequency equal to the difference 
between the two radio frequencies. In another Specification, 7,358/ 
1915, it is proposed to heat the cathode by alternating current, 
or to apply alternating potential to the grid. In each of the above 
cases the amplified oscillations need only be passed to a rectifying 
detector to produce audible signals. It is pointed out that dis- 
turbance due to a musical spark signal may be eliminated by choos- 
ing the local alternating frequency the same as that of the disturbing 
signals, . 


THE TICKER. 


In continuous wave telegraphy a long uniform dash is registered by 
a rectifying detector as a unidirectional current through the tele- 
phone, and only the start and finish of the dash are heard. To give: 
audibility to the silent body of the dash the steady currentythrough 
the telephone may be interrupted or varied by independent means, 
at a rate falling within the limits of audition. The various”applica- 
tions of this conception may all be called “‘ ticker”? methods, and 
‘might be classified according to whether they act on the received 
energy before or after rectification. A further classification might 
rest on the factor varied—e.g., the inductance, capacity or resistance 
in one or other of the receiving circuits, the coupling between them,. 
or the sensitiveness of a detector (if one be used). It is sufficient to 
point out here the principal variations that can conveniently be 
effected. 

1. The inductance of the antenna or of a closed circuit of the set 
may be rapidly and periodically varied (a) by opening and closing 
mechanically a contact short-circuiting some turns in series with a 
circuit coil, (b) by rotating or moving a closed coil near a circuit coil. 
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2. The capacity of a circuit may be varied (a) analogously to 

1 (a) above, or (b) by moving a conductor attached to one armature 
-of a condenser in the set or to the earth, near the other armature. 

3. The coupling between two of the open or closed circuits of the 
set may be varied periodically (a) by opening or closing a contact 
if the coupling is direct, (b) by rotating one of the coupling coils or 
an intermediate coil, (c) by varying the capacity of a coupling con- 
denser. 

4. The resistance of one or more circuits may be altered—e.g., by 
-opening and closing periodically any one of the circuits, including the 
telephone circuit. 

Some of the above methods need no detector. 

5. The sensitiveness of a detector may be varied (a) by opening and 
closing a short-cireuiting switch, (6) by varying the pressure between 
the contacts of a crystal detector (including making the pressure 
zero by separation), (c) by varying the voltage applied locally to the 


Telephone 


Fic. 267.—Ticker Criecvlits. 


- detector, either directly or by induced low or high-frequency voltages, 
(d) by arranging an inductance capacity circuit in which the detector 
generates low frequency oscillations with consequent periodic 
alteration of sensitivéness. If the detector be made .to generate 
high-frequency oscillations, so that interference with the received 
oscillations arises and is utilised, we pass from Ticker to Beat Recep- 
tion (see p. 305). : 

In order to receive the continuous, or nearly continuous, 
waves used in the Poulsen system Pedersen invented the ticker 
method of reception. Fig. 267 shows the mode of connecting 
the ticker in the receiving circuit. The instrument itself is roughly 
sketched in Fig. 269. It consists essentially of a bell trembler mecha- 
nism designed so as to be capable of vibrating with a frequency of 

_several hundred per second. To one end of the vibrating armature 
is fastened an ebonite rod which carries a small gold electrode. | 
When the armature vibrates this electrode makes intermittent 
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contact with a fixed gold wire electrode. Thus the circuit containing 
the gold electrodes is made and broken a great many times per 
second. The operation of the circuits is as follows :— ' 


Suppose the beating contact open. The continuous waves received 
by the antenna build up an oscillation in the variable condenser. Now, 
suppose the ticker contact closes. The energy accumulated in the 
resonant circuit becomes transferred, at least in part, to the condenser 
which is in parallel with the telephone. This condenser is of so large 
a capacity that it has not time to discharge before the ticker contact 
egain opens, and thus it discharges through the telephone. According. 
to the phase of the high frequency oscillation at the moment of the 
closure of the contact, the large condenser in shunt to the telephone 
becomes charged positively or negatively, and therefore the current 
through the telephone is erratic as regards sign and also as regards 
magnitude at each operation of the ticker contact. In the telephone, 
therefore, a buzzing sound is heard, not a musical note, as might at. 
first sight be expested. 


Telephone 
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Fig. 268.—APpERIoDIC METHOD. 


Instead of the circuits of Fig. 267, the aperiodic circuit shown im 
Fig. 268 may be used. When the ticker is used with singing spark 
signals it is preferable, according to Mosler, to choose a particularly 
high frequency of interruption (say, 1,000 or more per second), and. 
then hissing sounds are produced. Experiments over a distance of. 
~ about 400 km. (150 miles) with a singing spark station showed that 
' the signals vanished when 3 ohms were in parallel with the 1,000-ohm. 
telephone in use, whereas when an electrolytic detector was used 
with the same telephone and in the same aperiodic circuit, signals. 
vanished at 15 ohms. There appears to be no doubt that the ticker. 
is more sensitive than any of the detectors that preceded it. 


The Slipping Contact Ticker. . 

L. W. Austin first described a ticker consisting of steel wire with. 
one end held firmly and the other touching a rotating polished 
brass disc. C. V. Logwood independently used a roughened groove: 
in arapidly rotating pulley.‘ The chattering of the springy steel wire: 
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on the brass interrupts the circuit. It is about as sensitive as the 
Pedersen type of ticker just described. The companies develop- 
ing the Poulsen are method of telegraphy use a similar instrument, 
which is described under “ Systems.”’ 
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Fic. 269.—PEDERSEN’S TICKER. 


THE TONE WHEEL. 


In Rudolf Goldschmidt’s tone wheel the high-frequency current is 
transformed to medium and low frequency by means of an asyn- 
chronously rotating commutator or toothed disc. It is virtually a 
ticker method, and is reminiscent of the Hospitalier Ondagraph. In 


A Antenna 
Fig. 2714. 
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Fig. 270. Fig. 271s. 


order to explain the method it is best to start with the ideal case in 
which a commutator rotates synchronously with the oscillations. In 
Fig. 270 is shown a two-part commutator provided with slip-rings so 
that the antenna and the earth wire are connected to segments 1 and 2 
of the commutator. The brushes C and D, when properly adjusted, 
collect perfectly rectified current when the commutator rotates at 
synchronous speed, as indicated in Figs. 2714 and 271s. Of course, 
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_ It is very diffieult to"accomplish this process at the high frequencies 


of wireless telegraphy, for it is almost impossible to preserve 
synchronous speed and to maintain continuous accurate adjustment 


_ of the brushes. But when the commutator rotates either more 


Slowly or more rapidly than the synchronous speed, the E.M.F. at 
the brushes C, D has a serrated wave form as shown in Fig. 272, 
with an overall frequency equal to the primary frequency multi- 
plied by the ratio :— 


(‘Synchronous speed 


actual speed)/Synchronous speed. 


Pige2272 2 


Fic. 2728. 


The serrations can be largely removed by interposing choking coils 
or other tuning devices, but the membrane of the telephone will 
yield a note of the above periodicity without trouble being taken to 
apply the smoothing-out process. Similar results are achieved if 
instead of the commutator a toothed wheel and a single brush are 
used (Fig. 2723). 
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~ When,‘ for mechanical reasons, the transformation cannot be 
effected by one commutator apparatus, several may be connected in 
cascade. The adjustment of the brushes must be very accurately 
made. Instead of connecting sets of apparatus in cascade, the lower 
frequency current may be repeatedly returned to the apparatus until 
the desired low frequency is obtained. In Fig. 273 the current from 


the antenna is led to slip-rings S at antenna frequency f, is taken from 


the brushes B,, B, at requency f;, and led through the circuit a,, 
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which resonates at frequency f;; is passed again through the trans- 
former, reduced to frequency /',, and led through the circuit a,, which 
resonates at frequency f,; is passed again through the transformer. 
reduced to frequency fs, and delivered to the receiver T, whose 
circuit is tuned to frequency f, if desired. 

For long wave signals it is not difficult to operate the single brush — 
tone wheel. If a current of 40,000 periods per second is to be com- 
mutated, and the tooth pitch at the circumference of the toothed 
wheel is 1 mm., a synchronous rotation is obtained with a circum- 
ferential velocity of 40 metres per second, which is quite within 
the limits of possibility ; but practically it is not possible to maintain 
the synchronous rotation of the tone wheel. Therefore, the number 
of revolutions was chosen to be asynchronous. Tf,the alternating 
current has a frequency of 40,000 per second, the number of inter- 
ruptions is, say, 39,000 or 41,000. The commutated current then 
has the frequency 1,000 per second. 

It is not necessary, however, to choose the speed-of the wheel so: 
that it is near synchronism ; any uneven fraction of the synchronous 
number of revolutions may be employed. If an alternating current 
of a given frequency is flowing over the brush B, and the tone wheel is 
started and slowly run up to full speed, then the received note changes. 
continually through the whole scale of tones. A continual twitter is 
heard in the telephone until the number of revolutions approximates: 
one-third of the normal:speed. Then comes a greater interval until 
synchronism is nearly obtained. Also at even fractions of the 
synchronous speed, as, for instance, near half that speed, a tone may 
be obtained when the brush is not too wide. 

At first sight it might be thought that the wear of the brush, due 
to the milling action of the toothed wheel, would be rather great ; but 
practical experience has shown that the wear is quite small, only 
amounting to about $mm. for one hour continuous running. The 
brush B is made of copper wire or copper foil, which is enclosed in a. 
mantle of insulating material. This insulating mantle wears away 
uniformly with the brush, and serves to damp vibrations. 

The sensitiveness of the tone wheel is, experiments have shown, at 
least equal to that of any other known detector. 

Tn the trans-Atlantic communication between the station Eilvese, 
of the Hochfrequenz-Maschinen Aktiengesellschaft fiir drahtlose 
Telegraphie and the same company’s American station at Tuckerton 
the tone wheel found its first practical application and proved to be 
satisfactory. Among its most important advantages Goldschmidt 
claims the following :— 

1. Damped waves (such as those emitted from spark stations) are not 
heard as a note, only as a noise. 

2. Stations with only small differences in wave-length are heard with 
very different notes. If the tone wheel, for instance, is giving 39,000 . 
interruptions and the station to be received is sending with 40,000 
periods, this station will be received with a note of 1,000 periods. Another 
station using, for instance, a 24 per cent. shorter wave (i.e., 41,000 
cycles) gives a note of 41,000 —39,000=2,000 periods. It is, therefore, 
very easy to distinguish one station from another. 

3. The tone is clearly distinguished from atmospheric disturbances. 

4. As always, a certain note is best suited for a certain telephone, and 
as it is possible at the receiving station to adjust the pitch of the received 
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note, the pitch"may be regulated according to the telephone used so as 


to obtain the maximum effect. This advantage is, perhaps, the most 


important; intensifications up to about 10 times may in this way 
be easily obtained. 

Fig. 274 is a view of the complete tone wheel as used for practical 
purposes. The wheel is driven by a small motdér, with which is 
coupled an automatic regulator (with a centrifugal contact-making 
arrangement) and an eddy-current-brake. . 

The tone wheel may be used with astring galvanometer for recording. 
The dots and dashes are made by the intervals in sending. While 
sending, the galvanometer string oscillates with a frequency of, say, 
1,000. Consequently the photographic paper ought to show a wavy 
line; but, as it is not sensitive enough to record these quick oscilla- 
tions, the signals themselves appear as interruptions. By reversal 


Fig. 274.—Vinw oF TONE WHEEL COMPLETE. 


of the sending key the signals are made to appear as dots and dashes. 
The atmospheric disturbances have no influence during an interva, 
but may cause a deformation of the dot or dash‘ which, however, 
does not prevent the correct reading of the signal. 

Rudolf Goldschmidt has made experiments with an asynchronous 
frequency transformer and used _ his high-frequency machine for 
this purpose. If the machine is run as a generator, excited by direct 


current, a high-frequency current is generated by means of multiple 


automatic transformation in the machine itself. If the machine is 
excited by high-frequency current and run asynchronously, then an 


alternating potential of low frequency is generated at the terminala 


where direct current would otherwise be collected, the frequency 
depending on the degree of asynchronism. This kind of machine hea, 
however, the disadvantage that the remanent magnetism .caused 9 
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disturbing noise in the telephone. It has been found by experiments 
that a clear musical note can be heard through this noise, and the 
inventor thinks it possible to overcome the influence of the remanent 
magnetism by careful counter-excitation. 
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MISCELLANEOUS DETECTORS. 


Thermal Detectors. 

None of these, excepting the coherer, have been successful in the 
workaday sense. Fessenden’s “ barretter” has, as its active part, 
a short length of platinum wire, 0-00006 in. in diameter, made by the 
Wollaston process of coating a fine platinum wire with silver, drawing 
the composite wire to extreme tenuity, and dissolving off a short 
length of the silver in nitric acid. This delicate platinum fibre, with 
relatively thick leads to ensure rapid cooling, is enclosed in an ex- 
hausted bulb, and this again in an exhausted metal capsule. The 
barretter is placed in the usual position of a detector with 
a very small current passing through it and the telephone, and when 
the oscillations arrive the filament becomes warmed, its resistance 
increases and the alteration of the strength of the current is perceived 
by the telephone. This hot-wire barretter was so easily burned out 
that special devices were designed for the rapid replacement of 
damaged instruments. 

Fessenden’s liquid barretter substituted a liquid for the filament 
of platinum. One method of constructing it is to draw down a 
thick-walled capillary tube till its bore is about 0-0037 in. A short 
length of this fine tube is then cemented in a hole through a piece of 
glass that serves as a horizontal partition across a tube filled with 
electrolyte. The electrodes are extremely fine platinum points 
entering the ends of the tube. The advantage of the liquid over the 
platinum is that its temperature coefficient of resistivity is negative 
end is greater numerically. 

The author has used a fine filament of Wollaston wire placed in a 
small tube, open at one end, which could be put into the ear. This 
operated as a combination of detector and telephone when connected 
in the ordinary position of the detector, for when the filament is 
traversed by the oscillations it becomes heated, the heat is given to 
and expands the air in the tube, and the ear-drum is affected. This 
apparatus would, however, perceive only, very strong signals and is 
easily burnt out (see page 263). 


Other Detectors. 


Fessenden has proposed a frictional type of detector. Two con-— 
ducting members in relative motion are separated by a thin film of — 
dielectric. The electrostatic attraction produced between the con- 
ductors by electrical oscillations increases the friction between the 
surfaces and the increased friction operates an indicator. A par- 
ticular form consists of a metal wheel rotating under gold leaf, the . 
lubricant being milk. The gold leaf is anchored to a delicately poised — 
pointer. No details of the operation of this instrument have been — 
published. 
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C. V. Boys has proposed the application of a phenomenon of 
surface tension investigated by Rayleigh, and known as “ the 
experiment of bouncing jets.” Two small jets of slightly acidulated 
water, if directed one against the other at an acute angle, usually 
rebound from one another and do not coalesce ; but if a small E.M.F. 
be suddenly established between the jets coalescence is produced, and 
therefore a great change occurs in the mechanical disposition of the 
jets, and can be made to work mechanism. The instrument is very 
insensitive compared with the detectors in practice. é. 

Frequency changers, suchas the Goldschmidt generator (p. 229) or 
the static transformers described at p. 232, may be reversed so as. 
to lower the high-frequency oscillations received on the antenna to. 
an audible frequency. (See top.of opposite page.) : 


TELEPHONE RELAYS AND AMPLIFIERS. 


S. G. Brown’s Relays. i 

S. G. Brown has devised and “perfected several distinct types of 
telephone relay. «Two of these have proved especially valuable in 
wireless telegraphy. 


Fic. 275.—SipE Virw. or 8. G. Brown's RELAY. 


Type A.—In principle the instrument consists of a steel reed held in 
front of a magnet near the extreme limit of unstable equilibrium ; the 


_ Magnet is strengthened or weakened by the signal currents in a Winding 


on the poles, and the consequent movement of the reed alters a miero. 
phonic contact.” By aid of this relay signals that are quite inaudible in’ 
the best telephone receivers may be made clear and readable. In 
combination with a loud-speaking telephone, signals of ordinary strenoth 
may be intensified so as to be read at some distance from the receiver. 
The relay can be used to magnify continuous currents as well as Speaking 
currents, if a suitable instrument replaces the telephone. 

In Fig. 275 the reed P is adjusted towards or away from the magnet H ~ 
by turning one or other of the holding-down screws Y. The reed should . 
be set as closely to the magnet as possible, and the space between it and 
the magoet be clear of iron filings or dirt. The contacts M, O are of 
iridium and of hard carbon respectively ; the top contact M is bluntly | 
pointed and screws into the coarse adjusting screw J; it rotates out of tha 
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centre, so that fresh points of contact may be obtained whenever ncees- 
sary ; the lower contact O of carbon is flat and screws into the reed P. 
_ Both contacts should be highly polished, be worked dry, and be cleaned 
occasionally by a dry cloth or a piece of paper. If desired, both top and 
‘bottom contacts may be of iridium, but in this case they should be worked 
under oil by applying a small drop of thin sewing machine oi! to the lowez 


It voitz 


= = 
aD ae 


2 mf. 
Fic. 276.—DIAGRAM OF THE INTERNAL CONNECTIONS. 


<a 


contact before lowering the top contact into place. The top contact is 
carried by the hinged arm L, which may be tilted back to clean the 
contacts. The contact pieces are opened to form the microphone by 
the fine adjusting screw W, and also by the action of the local current, 
which passes through the contacts and the regulating winding K. The 
local current thus assists to form the microphone and to keep tke 
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Fic. 277.—DIAGRAM OF CONNECTIONS SHOWING HOW THE VARIOUS PIECES 
OF APPARATUS SHOULD BE JOINED TOGETHER FOR USE. 


instrument in adjustment. Its value is regulated by turning the fine 
adjusting serew by means of the milled head W. oe 

Fig. 276is the diagram of internal connections. The local ci cuit of the 

relay is joined through the battery C, milliamperemeter D and auto- 


‘transformer R. A2 «uF condenser is included in the circuit of the tele- 
phone headpiece 7 to exclude the steady current. Fig. 277 is the diagram 
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TELEPHONE RELAYS. 


of connections showing how the various pieces of apparatus should be 
joined togetherfor use. On the left-hand side is the oscillation transformer, 
tuning capacity and crystal detector. With such a detector the resis- 
tance of the A winding of the relay is the standard one of 4,400 ohms, 
Across the A winding is placed the plug condenser I’, which has a variable 
capacity of from 0-0025uF to 0-0luF. The telephone headpiece 'T 
should have a resistance of about 120 ohms, and be connected to the 
transformer board by the terminals marked S. The relay should ‘be 
adjusted till the amperemeter shows a reading of from 8 to 12 milliamperes, 
when it should be in the most sensitive condition, 

Type G.—This relay has been designed to magnify audible telephone 
currents such as are received at the ends of long telephone lines or from 
the A or W relay. It will magnify the current it receives about 40 times 
with clear articulation. It differs from the A relay in having a carbon- 
faced box containing hard-carbon granules instead of a single contact, 
but the general principles underlying its design are the same. With 
three of these relays in tandem signals of 25 times audibility can be 
magnified up to sufficient strergth for recording at high speed by the 
dictaphone method. 


Tuned Microphonic Relay. 


The tuned telephone relay used by the Gesellschaft fiir Drahtlose 
Telegraphie is described in patent No. 10,210, 1910. The device is 
of the type in which the armature of an electromagnet operates in. 
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Fig. 278.—SrecrionaL ViEw or G.D.T. TUNED Micropronic RELAY. 


conjunction with a granular contact, the signals being passed through 
the windings of the magnet, and thereby varying the local current 
through the contact. ‘The period of vibration can be altered readily 
to unison with the note of the signals being received. The author 
has seen these relays in operation, and has heard them magnify weak 
telephonic signals till the sounds could be heard all over a large room. 
Fig. 278 is a sectional view of theinstrument. 7 isthe fixed. g the moy- 
able, electrode of the granular contact or microphone. ‘The former is 
adjustably mounted in the collar of the yoke r, and has a contact face cub 
at a slant, so that the space for the granules widens towards the bottom, 
The granule chamber is as a whole kept vertical when the instrument is 
in use, and the granules are held in position by a very thin flexible tubulap 
sleeve reaching from c to g; z® carries a magnet, 22, rotation of which 


affects the field of the electromagnet, and therefore alters the sensibility. 


of the instrument. The wires x convey the signal currents from @ 
detector, such as an electrolytic detector, to the electromagnet, and thig 
attracts the light armature g. Details of the suspension of the armature 
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are shown in Fig. 279. The single suspension wire passes from a fixed 
point, s°*, round pulleys st and s? to the fixed point s*; its tension is ad- 
justed by the screw s® working in the fixed nut s7. The armature g is mace 
very light and only slightly wider than the poles of the magnet, and is so 
placed that it moves parallel to itself during its vibrations. The whole 
relay is protected from mechanical tremors by a suitable anti-vibration 
suspension and from external electric effects, such as those of a transmit- 
ting spark, by a metal cover. 

Majorana’s Relay. 


Fabio Majorana, in patent No. 10,154/1913, obtains protection for 
animproved telephone relay ofa verysimplekind. In one form of the 
invention the stretched wire of a string galvanometer carries one 
electrode of a microphone contact. The wire is situated in a strong 
perpendicular magnetic field, and deflects when a current passes alony 
lhe consequent movement of one side of the ‘Toler aon 
contact produces variations of current-in a, circuit which includes the 
contact. In another application of the invention the! motion of the 
wire is arranged to produce a compression of the supply tube of a 
jet of conducting liquid. The compressions of the tube produce 
vibrations of the jet, which can be utilised for wireless telephonyin the . 
same way as the inventor has previously employed microphonic jets. 


Heurtley’s Magnifier. 


Heurtley’s magnifier may be used in telegraphy or wherever the 
magnification of very small mechanical movements is required. 
Lhe principle of the instrtment is as follows :— 


‘Two very fine wires with a high electrical temperature ccefficient are 
mechanically connected to a recorder coil which is acted upon by the 
incoming current. These wires form the two arms of a Wheatstone 
bridge circuit, the other two arms being fixed resistances. In lieu of the 
galvanometer in the bridge is placed the recording instrument which, for 
telegraphic purposes, is the ordinary siphon recorder. This Wheatstone 
bridge or local circuit is supplied with a current from a local battery 
which is: of sufficient intensity to beat the fine wires considerably above 
the temperature of the surrounding atmosphere. When there are no 
signals being received these wires lie practically half in and half out of 
blasts of air which blow continuously in a plane at right angles to the 
plane of movement of the wires. Thus, when the wires are moved in 
one direction or the other by the incoming current, one is inserted more 
into its blast of sit and the other is inserted less, so that one wire as a whole 
becomes cooled, due to a greater part of its length being inserted in the 
blast, while the average tempereture of the other wire is increased owing 


SEs . A 


326 


TELEPHONE RELAYS. 


to the cooling effect of the blast.of air being removed from an additional 
portion of its length. Hence the total resistance of the cooled wire is 
“reduced and that of the other increased. As these two wires are arranged 
‘on the adjacent sides of the Wheatstone bridge local circuit, these changes 
in the balance are additive, with the result that a current passes through 
the siphon recorder coil, which reproduces on this coil the movement of 
the primary coil, but in magnified form, the degree of magnification 
depending upon the strength of the blast and the intensity of the current 
- passing through the wires. Theslit supplying the blast runs along the 
whole length of each tube of the blowers, and is adjustable in breadth. 
These “ blowers ” are mounted on platforms which enable any required 
position of the tubes, relative to the wires, to be obtained. Air issupplied to 
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the blowers from a reservoir by two rubber tubes, and a small electrically- 
driven fan supplies the current of air to the reservoir. The wires used are 
drawn by the Wollaston method, 7.e., about 3 or 4 mils platinum wire is 
coated with a shell of silver until the total diameter is between 20 and 30 
mils, and the whole is then drawn down to 3 or4 mils diameter, which 
results in the platinum core being of the order of 0-5 mil diameter. The 
wire is supplied with the silver coating intact, and is mounted on the 
suspension in this condition, the silver coating being finally removed with 
nitric acid. The magnifier produces an increase of speed on duplex cable 
working of from 40 to 50 per cent., and has been adapted successfully to 
radiotelegraphy. A general view is seen in Fig. 280. 
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The Orling Jet Relay. . 


This relay is the invention of Axel Orling, and is said to have 
proved itself capable of recording wireless telegraph messages that 
were inaudible in the telephones. E. Raymond-Barker has kindly 
supplied some details of the most recent practical types. 

The leading feature lies in the intersecting of a fine jet of water by 
an “arm” projecting at right angles from the face of a receiving coil 
suspended in a powerful magnetic field. The slightest deflection of 
the coil by any received current becomes magnified and reproduced 
inthe movements of the intersected jet, which deflects with abrupt 
emphasis to the right or to the left. The jet employed is of 
scidulated water or other conductor supplied under gentle pressure 
through a glass tube communicating with a small glass reservoir. 
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Fig, 28}.—-AXEL-ORLING Fic. 282.—AxEL-ORLING RELAY AND 
RELAY. CONNECTIONS. 


It has been found in practice that with a current as low as 0:60: 
microampere the resulting deflection of the receiving coil, though it 
may be imperceptible to the eye, suffices to deflect the jet sufficiently 
to make and break successively, and with great rapidity and sureness, — 
any local circuit required for telegraphic or like purposes. 

Telegraph engineers have long been acquainted with relay contact 
trouble due to stiction and with the difficulty of ensuring reliability 
and the maintenance of perfect cleanliness. Many complicated 
devices have been devised to get over the trouble. With the jet 
relay there can be no such trouble, as the fine thread-like water jet 
which acts as the “tongue” of the relay, and forms part of the 
local circuit, is automatically cleansing in its action. 
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Fig. 281 shows the “make and break” type of relay; one elec- 
trical connection of the recording circuit is made with the electrolyte: 
in the jet tube, the other is a fixed horizontal wire on which the jet is 
made to impinge by the movement of the coil. F ig. 282 shows a 
“varying resistance’ type of relay; here the motion of the jet 
alters the length and therefore the resistance between the tube and 
the inclined conducting plate on which it continually impinges. The 
circuits explain themselves, and show how deflections of the coil in 
opposite directions are converted to opposite movements of the: 
tongue of the P.O. relay. Fig. 283 is a similar arrangement for a 
double coil siphon recorder. 
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Fig. 283.—Axr.-OrRLING RELAY AND CONNECTIONS. 


Dynamo Electric Relay. 


A telephone relay or magnifier of the dynamo-electric type appears: 
in specification No. 8,903/1915, the inventors being V. Tedeschi and 
A. G. Rossi, of Turin. The fundamental principle of the invention 
may be understood from the diagram of Fig. 284. Here Ris a copper 
disc capable of rapid rotation. A, B are fixed coils connected as: 
shown and placed in series with a circuit, J, carrying the alternating 
current to be magnified. Coils C’, D are fixed coils connected simi- 
larly in circuit //, and placed relatively to coils A, B so that the 
pairs possess no mutual inductance. The iron cores a, b, c, d of the 
coils are perpendicular to the disc. When the copper disc is sta- 
tionary the alternating current in circuit J produces no effect in //,. 
for {the eddy currents generated in the copper by coils A, B are- 
centred_under the cores a; b, but when the disc is rotated an alter- 
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nating E.M.F. is generated in // by the system of eddy currents 
indicated diagrammatically in Fig. 285, which are centred under 
coils C, D. These latter eddy currents are generated by the copper 
cutting the magnetic flux induced on the line Aa, 65 of Fig. 285 by 
small circles, of which those with crosses represent Cownward flux 
‘and the blank circles represent upward flux. The intensity of the 
motional currents is proportional to the speed of rotation, and, 
therefore, so is the E.M.F. in circuit // on open circuit ; at constant 


— 


Fig. 284. Fic. 


speeds the E.M.F. is also proportional to the currents in /. The 


magnified current that flows in circuit J/ draws its increase of energy ~ 


from the mechanical work done in rotating the disc.. Fhe: above 
figures are.merely diagrammatic; the specification describes a 
multiple apparatus in which the rotor has nine parallel copper discs, 
-diameter 110 mm., thickness 1-5 mm., secured at equal distances of 
13 mm. on the same shaft, which a direct-current motor drives by 


Fic. 286. 


friction gearing up to 8,000 revs. per min. Between the nine rotor 


discs eight groups of windings are held, cach containing a pair of 


primary and a pair of secondary coils. 

The number of pairs of coils may be increased from the two pairs 
seen in Hig. 284 up to a large even number, and the copper disc may be 
replaced by an annulus. This is indicated in Fig. 286, where the coils, 
cores and eddy currents are represented as in Figs. 285 and 286. In 
such a relay it is advantageous to have a copper annulus at each face 
of the windings, and this is shown in the sectional view of Fig. 287, 
where 4 is a coil, either primary or secondary, # indicates the copper 
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annuli and Mf a non-magnetic rotating member. An obvious modi- 
fication of the last form is made by using one rotating conductor with 
-a coil on each side of it. 


Fig. 287. 
-Magnetie Relay. 


This relay has been developed rather for use for controlling large 
amounts of power than for magnifying small currents. The main 
conception is that of altering the effective permeability of a magnetic 
‘circuit, and therefore the inductance of a winding traversed by the 
current to be controlled, by aid of an independent winding conveying 
a relatively small direct or alternating current. It is necessary to 
-arrange that the radio-frequency current should have very little 
reaction on the control current. Hence Alexanderson used the 
schemes of Figs. 288 and 289, which are taken from a Paper by 
Alexanderson and Nixdorff. The radio-frequency windings produce 
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Fic. 288. ; Fic. 289. 
COMBINATION OF ALTERNATOR AND AMPLIFIER IN Its SIMPLEST FORMS. 
a a 


fluxes in opposite senses through the controlling winding, and if 
_ these were equal the action of the former windings on the latter 
would be zero. But if the steady current in B magnetises the iron 
to the knee of the magnetisation curve, then the instantaneous 
ampere turns during one half-wave of the radio frequency will give a 
small increase,in flux, and during the other half-wave will give a 
large decrease. * From this arise two pulses of flux per cycle through 
_ the controlling winding B, in the same way as in a frequency doubler, 
_ and thus double frequency E.M.F. is induced in B. Apart from this 
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defect, it is clear that the main result is a decrease in the inductance 
of the radio-frequency circuit, as the algebraic sum of the fluxes. 
produced by the two halves of its winding is much less than will be 
produced when there is no controlling current running. 

In the parallel arrangement shown in Fig. 290, since the P.D.s at 
the ends of each coil are the same, the fluxes are the same at every 
instant, and therefore when the iron is nearly saturated by the 
controlling current, the radio current divides unequally between. 
the coils. There is, besides, no appreciable E.M.F. of double fre- 
quency in B. As before, the effective inductance may be much 
smaller for the radio-frequency current when the steady controlling 
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Fic. 290.—CuRVES OBTAINED FROM TEST SHOWING SENSITIVENESS oF 
ALTERNATOR VOLTAGE CONTROL WITH DIFFERENT SERIES CONDENSERS. 


current is running than when it is zero, but when audio-frequency 
current is used for control, as in radio-telegraphy, large circulating 
currents might be induced in the parallel branches of the radio- 
frequency winding, and to prevent these the short-circuiting con- 
densers of Fig. 290 are introduced. A series condenser added as 
shown in the figure alters the shape of the characteristic as indicated 
in the diagram (where mf. is adopted as the abbreviation for micro- 
farad). The figure shows that increased sensitiveness, which is 
measured by the steepness of the curves, may be gained by searificing 
range of control. The ratio of amplification suitable for telephony 
ranges from 100 up to 350. 
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‘This magnetic relay has proved successful as a non-arcing key for 
‘telegraphy, as well as a relay for microphonic currents in telephony. 
_ Further details of this application will be found under ‘‘ Wireless 
Telephony.” Oscillograph records have been taken of telegraphic 
-control at 1,500 words per minute. 


THREE-ELECTRODE IONIC RELAYS. 


The application of the three-electrode tube to the generation of 
oscillations is discussed on pp. 240 to 259, and ts application to the 
detection of oscillations is discussed on pp. 289 to 315. 

An amplifier employing three electrode tubes consists of an 
assemblage of transformers and tubes and is styled a one-stage, 
two-stage or poly-stage amplifier, according as one, two or many 
tubes are used. The input transformer takes into its primary 
winding the currents (or voltages) which it is desired to amplify, 
and usually it is a step-up transformer of high transformation ratio. 
The output transformer is in the last plate circuit of the assemblage, 
and since its secondary is frequently connected to a telephone re- 
ceiver while its primary is traversed by the small current passing 
through the high resistance between plate and filament, it is usually 
a step-down transformer of high transformation ratio. Between the 
plate circuit of one tube and the grid of a consecutive tube in a 
two-stage or poly-stage amplifier there is ‘placed an inter-tube trans- 
former which usually steps up the voltage. 

The importance of the design of the transformers, or analogous 
circuits associated with the relay is very great when alternating 
eurrent of definite frequency has to be amplified, for then the effects 
of resonance in the circuits may be utilised to exalt the E.M.F. 
applied to the grid on the one side and voltages,or currents as 
desired on the other side. This point is especially important 
in the use of the valve in the receiving circuits of wireless tele- 


graphy. 
CLASSIFICATION OF METHODS, 


There are several methods cf using three-electrode ionic tubes 
for amplifying. The more important modes may be classified as 
follows :— 

1, The incoming electrical energy is caused to vary the P.D. 
between control electrode and filament, and the consequent varia- 
tions of the repeat current are utilised. 


2. The incoming energy is arranged to accumulate by rectification 
a quantity of electricity on the control electrode, and this cumu- 


 latively affects the repeat current. 


3. Retroaction of repeat on control circuit, within the limits of 
stability, may be arranged to exaggerate the normal effects of 
methods (1) and (2), 

' 4. Retroaction exceeding the limits of stability is used for ampli- 
fying signals and is discussed under endodyne reception. 

5. The amplification of signals by heterodyne methods of recep- 
tion is discussed under that heading. 
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Methods (1), (2) and (3) are briefly discussed in the following 


paragraphs :— 
1. Plain Amplification. ; 


The principal advantage of this method is that the repeat and. 
control circuits are almost independent, and thus reflections and 


reactions from the apparatus in the repeat circuit do not arise to 


affect the feeble origin of the current or E.M.F. to be amplified. 

Another advantage is that its operation is aperiodic and of rapidity 
limited only by the time taken for the moving electrons to traverse 
the distances between the electroieS. By proper adjustment of the 
voltage applied to the control electrode, which depends on the high 
voltage in the repeat circuit, the amplification of small variations 
may be made almost perfectly proportional. As a rule the E.M.F. 
applied to the grid is not that already existing, it has to be raised 
by some kind of transformer. In the same way the variations of 
current utilised on the repeat side may have to be transformed 
before they become of convenient form. In consequence we often 
find the tube associated with transformers and the performance 
of the assemblage depends largely on the design of these instruments ; 
and this design in turn depends on the apparatus from which feeble 
currents are drawn and that to which they are delivered when 
strengthened. Itis, therefore, scarcely possible to give an estimate of 
amplification which could beused in all circumstances. M. Latour 
has, however, suggested as a measure of the amplification the ratio 
of the oscillatory energy dissipated in the repeat circuit to that sup- 
plied in the control circuit. He has indicated the general principles 
for computing the apparent resistances of these circuits from the 
constants of the tube and its associated circuits, under infinitesimal 
oscillations. 

On the other hand, G. Vallauri has suggested a different measure 
of amplification—namely, the ratio of the amplitude of the sinoidal 


current in the repeat circuit to the amplitude of the sinoidal E.M.F. 


applied to the control electrode. His formula for the amplification, 
‘in the notation used above, is 2; /(1+, 4), where R& is the (non- 
inductive) resistance of the repeat circuit or referred to the repeat 
circuit. 'The amplification is greater the greater the steepness h. of the 
characteristic, and the smaller the spacing between contours, which 
is indicated by ha. 

2. Cumulative Amplification. 

This is usually effected in the manner indicated by Fig. 291, where 
( is a condenser, R a resistance, EK the high voltage battery. The 
condenser and resistance are arranged 
in parallel in the control circuit. When 
alternating E.M.F. is applied in the con- 
trel circuit the grid collects negative 
electricity but not positive (assuming 
that there are no positive ions in the 
tube), and the condenser becomes 

Fig: 291. charged. If there were no shunt re- 
; sistance #, the accumulation of nega- 
tive electricity on the conductor comprising the grid and the 


connected plate of the condenser, would permanently reduce the 
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. {ire 
flow of the plate current. By making R cf suitable magnitude, 
the accumulating electricity may be allowed to leak away and the 
reduction in the repeat current made temporary. It is clear that 


: for some applications the more or less prolonged reduction of repeat 


current may be made to accomplish an amount of work very much 
greater than could be accomplished by plain amplification through 
the merely instantaneous action of the latter. The discrimination 
which this method exercises between a positive and a negative 
application of E.M.F. suggests the possibility of its being usefully 
applied in a variety of cases, where. say, a rise of current and not a 
fall of current (or vice versa) has to be recorded or to be made in any 


‘way operative. 


It may be mentioned that this mode of obtaining amplification 
has the same basis as one of the ways of using the valve as a detector 
and described on page 300. 


3. Retroactive Amplification. 


The typical form of circuit is seen in Fig. 292, where H is any 
independent piece of apparatus in which work has to be done, and 
K, and K, are the retroactive coils, the former being sometimes 
called the kicker, and the latter the kickee. The coupling here is 
indirect and magnetic, but direct magnetic coupling or condenser 
coupling or resistance coupling can easily be arranged, and examples 
will be seen in the diagrams of receiv- 


ing circuits on other pages. Suppose a eT 

an H.M.F. is applied in the control NEM Ry 
circuit so that the grid is made posi- =| =) Bes 
tive relative to the filament, then the NY, | AT 
current in the repeat circuit will in- =§ ——sy-3_ HIlt i hat 
crease. The coil K, will induce an Hac t 

E.M.F. in K,, whose direction and +S OWERE 
magnitude depend on the coupling.  ~""=—- 

The kicker must be placed so that Fie. 292. 


its winding bears such a relation to 

the windings of the kickee, that the original action in the coatrol 
circuit is reinforced and not hindered, and the coupling must be just 
short of that which produces instability. It may be that through 


the presence of apparatus H the arrangement shown cannot give 


ae 


an E.M.F. precisely in phase with the original E.M.F. in the control 


circuit. In that case the designer must endeavour to adjust the 


phase by putting in a condenser in some such position as shown 


dotted in the figure, or must effect a linkage with some part of the 
apparatus H in which a current is running different in phase from 


the main repeat current. 


The assumption in the above argument is that the E.M.F. to be 


_ magnified is an alternating E.M.F., but similar considerations apply, 


though not with like precision, in the case of transient E.M.F’s. 
When the apparatus H. is a closed oscillating circuit similar to 


that shown in Fig. 292, the whole assemblage becomes in effect a 


tuned relay, whose sensitiveness depends on the precise degree of 
adjustment of the coupling between K, and K.. The _ highest’ 
magnification occurs when this coupling is so arranged that the 


_ system just fails to oscillate permanently. Some observers have: 
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estimated that the energy ampification that can be attained and 
maintained without great difficulty is of the order 10,000. 

The amplification may be estimated by a glance at the character- 
istic curve, for its numerical value is proportional to the gradient 
of the characteristic at the point determined by the grid voltage, 
if the voltage on the anode be kept constant. Thus such a voltage 
should be applied to the grid as brings the steepest part of the curve 
into operation. But this assumes that the apparatus in the repeat 
circuit does not in any way prevent the full voltage of the battery being 
kept continucusly applied between anode and filament. In point 
of fact, when a flow of current sets in, this applied voltage usually 
falls, and’ the magnification is the gradient of the path followed by 
the representative point on the diagram as it passes to contours 
of lower voltage. The matter is discussed from asomewhat different 
aspect on page 242. It is to be expected that when the tube is 
operating at high frequency the curves connecting current and 
voltage obtained under static conditions are not followed. The 
actual curves followed might be called dynamic or, better, kinetic 
characteristics. 


Cascade Systems. 


The above arrangements can usually be arranged in cascade 


either in the case cf plain or of retroactive amplification. It is 
found that the principal difficulty in the design of such systems 
is to avoid the continuous production of oscillations of audible 
frequency by unintended retroaction. The transformers used 
between the repeat circuit of one valve and the control circuit 
of the next, have usually to be designed with special attention to 
this possibility ; and to mention one point only among a number of 
obvious ones, it is better to arrange that the natural frequencies 
of the two windings in the same trans ormer shall be different from 


each other and also from those of the windings in the other trans- - 


formers, for if by chance they were the same, the likelihood of 
reinforcement of that frequency by retroaction would be enhanced. 


Lieben-Reisz Relay. 


The Lieben-Reisz gas relay is shown diagrammatically in Fig. 293. 

Here G is the evacuated glass vessel, K the kathode, H the grid 
electrode, A the anode. The grid extends across the whole cross-section 
of the tube and allows of the passage through the small apertures of the 
current between the main electrodes. K is a platinum strip coated with a 
thin layer of barium and calcium oxides. It is brought to a bright red 
heat, about 1,000°C., by means of a battery, b, of 30 volts. The adjust- 
ment of the auxiliary electrode voltage h is effected by means of the 
sliding contact c on the potential divider R, connected to the battery b. 
The primary currents—that is, the currents to be magnified—act induc- 
tively through the transformer T, on the auxiliary electrode circuit The 
secondary circuit—that is, the currents intensified by the relay—are taken 
from the secondary winding of the transformer T,. The insertion of this 
transformer in the main circuit is not actually necessary, but is merely 
for the purpose of keeping the high working pressure of 220 volts away 
from apparatus to be handled. In the gas current circuit is a resistance, 
W, to cut down the current, but this is bridged by a condenser to allow 
alternating current to pass. The magnitude of the current cen be roughly 
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gauged by the height of the dark space above the grid electrode ;’ it is 
determined by the voltage of the heating battery, by that between the 


_ negative pole of the kathode and the grid, and by that between the 


kathode and the anode. Maximum sensitiveness must be sought by 
varying these three quantities. Of various gases that may be used in the 
tube, the vapour of mercury appears to be the best, partly because the 
ionisation voltage of the vapour is less than that of most gases, and 
partly because the pressure of the vapour of mercury at normal tempera- 
tures is about right for the attainment of maximum sensitiveness. If the 
residual gas in the tube other than mercury vapour is at a smaller 
pressure than 0-01 mm., the discharge can be easily controlled by slight 
cooling or warming of a pool of mercury at the bottom of the tube. With 
such tubes a life of 1,000 hours can be attained, and some tubes hawe had a 
life of over 3,600 hours. - In the practical form of apparatus, however, an 
amalgam of lower vapour pressure than mercury is used, because with pure 
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mercury the current density through the gas becomes very great if the 


metal by any means attains a temperature above 20°C. The practical 


form of relay in Fig. 294 is about a foot long. Here g is the bulb, A is the 
anode, formed of a helix of 2 mm. diameter aluminium wire, and H is the 
grid electrode. This latteris also of aluminium and has apertures 3} mm. 
diameter uniformly distributed over its whole surface. The kathode K 
consists of a platinum strip about 1 metre in length, 1 mm. wide and 
0-02 mm. in thickness, coated with a thin layer of calcium and barium 
oxides. ‘The electrical contacts are made by means of a non-interchange- 
able bayonet joint at the base. Two sources of direct current are required 
—the 30 volt for the filament must be very constant, but the 220 volts 
between the anode and kathode may be taken from supply mains fed by 
dynamo machines, provided the commutator fluctuations are damped out 
by means of a choke coil and condenser. 


The magnifications attained have been measured by Reisz, and he 
has stated that by joining four relays in cascade it has been possible to 
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attain a magnification of 20,000. The reproduction of the shape of 
the curves is effected, even at this great magnification, with such 
perfection that no distortion of speech currents from a microphone 
can be observed. 
De Forest’s AUDION. 4 

Lee de Forest has given the following description of his audion 
amplifier :— 

In Fig. 295 the simple arrangement comprising two audions is shown. 
The source of energy M may be a microphone, a cable transmitter 


td 


Fig. 294. 


or a radiotelegraphic detector—e.g., another audion. TT’, is a step-up 
transformer, T, is a 1 to 1 transformer, of which the secondary has 
one end open and the other connected to the grid of the second 
amplifier; or, if the filaments are heated by separate batteries as 
shown in the figure, T, might be an autotransformer of one coil only. — 
The second amplifier should have a larger bulb than the first, with 
larger heating area and a larger cold electrode. Each of the am-_ 
plifiers will magnify the received energy some five times, and with | 
three amplifiers in cascade an amplification of about 120 times is 
attained. With wireless signals that’are clearly audible, the cur-) 
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rent changes in the second or third amplifier are sufficient to operate 
reliably a fairly sensitive contact relay, and this may in turn be made 


to operate any form of calling device or remote-control apparatus, 


Moreover, it is possible to amplify signals that are quite inaudible 
and to make them easily heard. De Forest mentions that these 


-amplifiers have been successfully used with the Poulsen telegraphone 


as a rapid recorder. <A _ tape-actuated Wheatstone transmitter, 
controlling by two successive relays the wave-length of a 12 kW 
Poulsen arc transmitter, was used to send Morse at 60 words a minute. 
The signals were received on a ticker, were amplified by the audion, 
and recorded on a telegraphone wire running at a rate of about 
809 ft. per minute. In reproducing the record the speed of the wire 
was reduced to one-third, and the pitch of the signals lowered in 
consequence ; but the signals so reproduced are sufficiently loud to 
permit of the use of a typewriter by the transcribing operator. The 
method is, of course, not limited to are transmitters, but it is advisable 
to have the received signals of 50 to 100 times audibility before 
amplification. 


NM 


Fig. 295.—DE Forrest AuDIoNn AMPLIFIER. 


Lee de Forest has claimed that the essential features of the Lieben 
Reisz gas relay are identical with those protected by his patents for 
the audion amplifier, and he considers that the standard 3} volt 


 audion amplifier, although less sensitive than the large bulbs just’ 


described, are more portable and more generally useful. 


The Pliotron. 


Irving Langmuir has given the name “ pliotron ”’ to his form of 
the thermionic valve. He claims that the operation of the instru- 
ment depends on the pure electron discharge, and that it is, there 
fore, different from earlier valves. 

In a pure electron discharge, as the temperature of the filament 
is raised, a point is always reached where the current becomes 


limited by the space charge between the electrodes. (See p. 291.) 


Under these conditions only a small fraction of the electrons escaping 
from the cathode reach the anode, whereas the majority of them are 


_ repelled by the electrons in the space, and, therefore, return to and 


are absorbed by the cathode. From this view-point it is evident 
that if a negatively-charged body is brought into the space between 
the anode and cathode, the number of electrons which then return 
to the cathode will increase, so that the current to the anode will 
decrease. On the other hand, if a positively-charged body is brought 
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near the cathode, inside or outside the tube, it will largely neutralise 
the electrons in the space, and will, therefore, allow a larger current 
to flow from the cathode. In this way it is possible to control the 
current flowing between the anode and cathode by an electrostatic 
potential on any body placed in proximity to the two electrodes. 
This controlling effect may be best attained by having the controlling 
member in the form of a fine wire mesh, or grid, placed between the 
electrodes. 

ty In the construction of pliotrons, it has been found desirable to 
make the wires constituting the grid of as small cross-section as pos- 
sible. In this way, even when a positive potential is applied to the 
grid, the current that flows to the grid may be made extremely small. 
The use of very fine wire is made possible by using a frame of glass, 
metal or other suitable material, to support the grid. Thus, in 
Fig. 296 the filament is mounted in the centre of a frame made of glass 
rods, on which the fine grid wire is wound by means of a lathe. 


Fic. 296.—‘* PLioTtRON’’ AMPLIFIER. 


The grid may consist of tungsten wires of a diameter as small as 
0-01 mm. and these may be spaced as close as 100 turns per centi- 
metre, or even closer. 7 

The characteristics of the pliotron depend upon the length of fila- 
ment used, the distance between filament and grid, the spacing 
between the grid wires, the diameter of the grid wires, the distance 
between grid and anode, and the size and shape of the anode. The 
important elements in the characteristics of a pliotron are, first, the _ 
relation between the current flowing between anode and cathode as a 
function of the potential on the anode and of that on the grid; _ 
second, the current flowing to the grid as a function of the potential — 
of the grid and the potential of the anode. | 

Fig. 297 gives the characteristics of a small pliotron such as that _ 
shown in Fig. 296. Curve A gives the current flowing to the anode for _ 
different grid potentials, while the potential of the anode is main- — 
tained constant at 220 volts. Curve G gives the current (100) to | 
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the grid under the same conditions. For different anode potentials, 


_the A curves are shifted vertically by amounts proportional to the 


change in anode potential. It is found that these curves can be 
represented with fair approximation by the equation 


= A( Vat k V4) Pod Sag 


where 2 is the current flowing to the anode, V, is the voltage on the 
anode, V, the voltage on the grid, and A, k are constants which 
depend on the relative shapes and positions of the electrodes.¥ ~*~ ~ 

The value of a pliotron as an amplifier is dependent primarily upon 
the slope of the curve between anode current and grid potential ; 
for example, curve A, Fig. 297. A second factor of importance is the 


Curvent Milliamps. 


re) peo —10 
Grid Potenizal. 


+ 10 voltsg 


Fic. 297.—CHARACTERISTIC CURVES OF SMALL PLIOTRON. 


magnitude of the current taken by the grid. In order to get the 
greatest amplifying effect it is desirable to have this current as low as 
possible. Ina pliotron of the type shown in Fig. 296, the current to 


the anode increases at the rate of about 1 milliampere per volt 


change in the grid potential. 

By connecting two pliotrons in cascade, as shown in Fig. 298, the 
high-frequency ‘currents received upon the grid may be amplified 
one hundred to six hundredfold. In this arrangement it is the high 
frequency or radio frequency that is amplified, and not the audio 
frequency. This amplification of the radio frequency possesses the 


_ marked advantage that the detector circuit may be tuned to the same 
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frequency as the amplifier circuit, and in this way a very marked 
increase in selectivity is obtained. In fact, it has been shown by 
Alexanderson that the resonance curve of an outfit consisting of 
amplifier and detector, both tuned to the radio frequency as shown 
in Fig. 298, may be obtained from the resonance curve for the detector 
alone, by squaring the ordinates. For example, if with a single 
detector, the signals from one station (A) are received 100 times as 


strong{as those from another station (B), then, with the above 
arrangement with the amplifier, the signals from A will be received 
100 times squared, or 10,000 times as strong as those from station B. 
If two amplifiers be used in this way, the signals from station A 
could be obtained 1,000,000 (or 100°) times as strong as those from 
station B. In practice, this arrangement has been found to give 
very high selectivity. 


Fic. 299. 


Of course, a pliotron may also be used for amplifying currents of | 
audio frequency, coupling the circuits together by means of an iron 
core transformer. A single pliotron, under these conditions, gives an 
amplification of current of several hundred-fold, when voltages of 
from 100 to 200 volts are used on the anode. 
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Negative Resistance Relay. | 
The General Electric Co., of Schenectady, give details in U.K. 


3 Specification 15,555/15, of a relay whose operation is based on 


the “negative resistance’’ of the type of ionic tube described 
on p. 253. The negative resistance tube 8 (Fig. 299) has.a fila- 
ment cathode 2 heated by battery 9, a grid 4 with high voltage 
battery 10, and a plate 6 with battery 11 and resistance 12. The 
adjustments are made so that the portion BD of the curve of Fig. 300 
is utilised. The P.D. to be amplified is applied by transformer 13. 
Taking the portion of the curve with negative gradient to be straight 
we may connect the electron current to the plate 7 with the voltage v 
between plate and filament by the equation 


I=ty—v/r 
or V=1(ty—2) 


where 7, the value of the negative resistance between plate and 
filament, is approximately a constant. Let the resistance 12 in 


Fic. 300.— ELEcTRON CURRENTS AS ORDINATES, PLATE POTENTIALS 
AS ABSCISS, IN NEGATIVE RESISTANCE TUBE. 


Fig. 299 be R ohms, and the voltage drop along it be V volts. Then 
V=Ri. Let the voltage of battery 11 be #. Then 
E=V+v=Ri+7(t 9-1) 
=(R—r)i+ri,=(R—r) V/R-+ri,. 
av. Uk 
Thus iE" Roe’ 


and this may be made very large by making R—r very small. Here 
dH is the small addition to the voltage of battery 11 effected by 
transformer 13, and dV is the change in the P.D. across resistance 12. 
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In other words a voltage change applied at 13 will be amplified 
into a larger voltage change across 12. At an early stage of the devel- 
opment of this device, A. W. Hull obtained amplifications of 
voltage about a hundredfold. 

It is not essential in the operation of the device that the portion 
BD of the current curve should extend below the axis, and im case 
it does do so, as in the example given, it is immaterial whether the 


normal electron current comes upon the portion BC or the portion . 


CD of the curve. 

In Fig. 301 there is illustrated the use of a negative resistance 26 
to increase the degree of amplification of a wireless receiving system, 
The receiving system here shown comprises an antenna 14 which 
is coupled by means of transformer 15 to the grid circuit of an elec- 
tron discharge amplifier 16. The filament 17 is connected to earth. 


Incoming waves make grid 19 rise and fall in potential. When the . 


Fic. 301—CascaDE ARRANGEMENT OF IoNIc ReEway (16), NEGATIVE 
RESISTANCE RELAY (26), DETECTOR (23). 


potential rises the potential of 18 (relative to the earth) falls, and 
theretore that of 28 falls ; then, if the resistance of 22 is greater than 


the numerical value of the negative resistance, the P.D. across 22. 


rises. The h.f. voltage is thus conveyed magnified to the ionic tube 
23, which acts as a detector and has the telephone 24 in its plate 
circuit. 

When the potential of grid 19 becomes more negative and the 


current in the p'ate circuit of the amplifier decreases, the action is 


just the reverse of that above described. 


Brown’s Jonic RELAY. 


S. G. Brown describes a novel type of ionic relay in U.K. 104,566. 
It is Ulustrated in Fig. 302, where D is the control circuit and F the 
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repeat circuit. The E.M.F. variations to be magnified are applied to. 
the control circuit by transformer ed’, and the reinforced energy drawn 
off through transformer f’g, the original source being shown, by way 
of example, as the sound varied currents from a microphone e’, 
and the repeat currents shown as given to a telephone g’. The very 
fine filament B is heated by battery d, and variations in its temperature: 
are effected by the currents to be magnified. The thermionic 
current, which passes from the plate anode to the filament inside 
the tube, varies in accord with the temperature of the filament, 
and constitutes the repeat current. A return circuit, H H, may be 
introduced to obtain retroaction. : 


3 


e 


Fig. 302.—Brown’s Ionic Reuay. 


TELEPHONE RECEIVERS. 


Telephone receivers may be classified under the headings ‘“‘ Mag- 
netic,” ‘* Electro-Dynamic,” ‘‘ Electrostatic,” ‘Thermal.’ The 
magnetic telephone has been most used. 


Magnetic Telephone Receivers. 


+ In the most effective of these instruments,. small currents deli- 
vered to the windings produce variations in the field of a permanent 
magnet and, consequently, movements of a light iron or steel arma- 
ture. Most commonly the armature is a thin diaphragm of ferro- 
type iron placed near the two pole-pieces of a horseshoe magnet, the 
pole-pieces themselves being soft iron extensions of the steel body 
and carrying the windings. The conditions governing the design of 
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telephones for purposes of wireless telegraphy are different from 
those ruling in ordinary telephony. 

The pull on the diaphragm is approximately proportional to ©”, 
where ® is the magnetic flux passing from pole to pole through the 
metal of the diaphragm. A current in the windings makes the pull 
(+d). The increased pull due to the current is proportional to 
20d, neglecting a relatively small quantity. Therefore, the 
greater the permanent flux the greater the efficiency of a given instru- 
ment. The flux is increased by strengthening the magnets or by 
using thicker diaphragms or by reducing the air-gap, but saturation 
of the diaphragm, sets the limit to useful increase of strength of 
magnet. With diaphragms of given diameter a thicker one carries 
more lines, is stiffer, and can, therefore, be brought nearer the poles, 
but a limit to thickness is soon imposed by the increase of stiffness 
and inertia. The factor d@® due to the current is improved for a 
- given current by increase of the number of turns of wire linked with 
the magnetic circuit. But when the applied E.M.F. is supposed given, 
the resistance of the windings has to be considered, which implies 
that the spools should be of small section and as nearly circular as 
possible. The spools are usually placed at the extreme ends of the 
soft-iron pole-pieces ; whence it follows that the pole-pieces must be 
reduced in section as far as possible without unduly increasing the 
reluctance of the magnetic circuit. 


Experience shows that the diaphragm should be less than 2 tie 


diameter, clamped firmly round the edge and between 4 and 8 mils 
thick. The smaller the diameter and the thinner, the higher is 
the natural pitch of the diaphragm. The poles should be so near the 
diaphragm as almost to pull it on to them. For this reason the 
adjustability of the magnets to and from the diaphragm is desirable. 
Telephones of the ordinary watch pattern can be wound with 49 
S.W.G. enamelled copper with about 10,000 turns and 2,000 ohms 
resistance to a bobbin. 

The elementary approximate theory indicates that the effect of 
the diaphragm may be represented by a condenser-inductance circuit 
arranged in shunt to a portion of the resistance of the telephone 
winding. Let 1’, CO’, R’ refer to this fictitious circuit, R’ including 


the resistance 7 supposed common to the fictitious and the actual 


circuits. Let LZ, R denote the inductance and resistance of the 
windings. Then, if p/2m be the single natural frequency cf the tele- 
phone diaphragm, 6 its decay coefficient, m a coefficient depending 
on the magnetic flux linked with the diaphragm and the windings, 
‘we must have 
p=l1fL/C’, 2b=R'/L’, m=r?/L’. 

When an alternating voltage of frequency w/27 is applied to the 

instrument the effective resistance is 


2mbw* 
eau ONE ET an 
(w?— )* + 45° w* 
and the effective inductance is 


The latter is often negative in practice for certain values of w. 
346° 
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A. E. Kennelly and G. W. Pierce showed in 1912 in a very elegant 
‘manner the well-known “ condenser ”’ phenomenon produced by the 
‘motion of the diaphragm, They plotted the measured impedance 
-of the telephone vectorially for various frequencies, or in other words 
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Fria. lg —MotTIoNaL IMPEDANCE VECTORS AT SUCCESSIVE OBSERVED 
FREQUENCIES. 


they plotted the reactance as ordinates and the resistance 
as abscisse for each of a number of frequencies, first from measure- 
ments made with the diaphragm clamped immovably, then from 
measurements with the diaphragm free. On plotting the vector 
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difference between points of corresponding frequency on the two 
curves a circle is obtained expressing the ‘“‘ motional impedance 
,of the instrument.” This work was followed up by A. E. Kennelly 
and H. A. Affel, who published their results in 1915. Figs. 303, 304, 305 
and the table give a few of their results. In Fig. 303, A, B, C,'&e., 
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Fic. 304..—MorioNaL IMPEDANCE CIRCLE OF SAME RECEIVER FROM 
VEcTORS IN Fic. 303. 


refer to observations with diaphragm free, a, b, c, &c., to those 
with diaphragm clamped, and the lines bB, cC, dD, &c., are the 
motional impedance vectors at the frequencies marked. These 
vectors ‘are transferred to Fig. 304 and yield \the circle diagram. 
A scalar diagram conveying the same information is seen in 
Fig. 305. ; 
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FREQUENCY, Cy CAPERLSEC: 
500 600 700 800 900 10001100 1200 1300 1400 1500. 
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PHASE ANGLE OR ARGUMENT. OF IMPEDANCE 


Fic. 305.—ScauAR DIAGRAM OF FREE AND DAMPED IMPEDANCE. 
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Table of Measurements of a Telephone Receiver. 
P: 


Resistance Inductance Mationct Maximum ° 
Frequency with Motional with : = eae o| displace- 
(cycles | diaphragm| resistance | diaphragm a Oe ent 
per sec.). | clamped | (ohms). clamped on “og), | Observed 

(ohms). (millihenries)., ®°™€S): | (10-6 m.) 
429 124 6 38°7 2-8. 18 
702 145 8 35-7 0-9* 1-6* 
857 157 17 34:2 2-1 2-6 
946 163 41 | 33°5 2-8 3°8 
987 166 88 33°2 0-4 6-0 
1,000 167 116* = BN | —6-1 9-2 
1,020 169 55 32:9 _—18-7* 10-5* 
1,066 172 28% 32-5 —7°5 4-8 
1,137 177 —18 ie ea —2°5 1:0 


* The values marked with an asterisk are, approximately, turning points. 


The authors show that from an electromechanical point of view 
there are four essential and characteristic constants of any telephone, 
as follows :— 


1. The ‘‘ force factor’ or electromagnetic pull on the diaphragm 
per unit of current in the windings. 


2. The “ equivalent mass ” of the diaphragm, 


> 


3. The “ motional resistance ’’ of the diaphragm, due to internal 
friction, eddy current loss, air friction and waves. 


4, The “stiffness constant,” or the elastic force per unit dis- 
placement, referred to (2). 


In the Paper the effects of varying the tightness of the cap, the 
influence of temperature, and other variations, are investigated, and 
an attempt is made at the theory of the matter. Itmay beremarked 
that the formule given above are equivalent to a diagram of 
motional impedance consisting of a circle through the origin with 
its centre on the axis of abscisse, instead of below the axis 


as in Fig. 304; and therefote that theory must be regarded as 


insufficient. 
Some data of ordinary telephone receivers are given here :-— 


Steady current. m==o00. n—=1,000. 

R R L R DL 
Ader Telephone ... 1580 ... 1902 0.028H ... 2120 0-019H 
Aubry ¥ ... 244 5 OO 0-088 te eaco Ji 0-063 — 


S. G. Brown’s TELEPHONE RECEIVER. 


The design described by 8. G. Brown in Patent Specification 
29,833 /1910 is shown in plan and section in Figs. 306 and 307. Here A 
is the casing and B the ear-piece, E is a steel reed, of which one end 
is fixed to the bridge-piece EK’ on the casing A by two adjusting 
screws E2. N and § represent the north and south poles of the 
magnet, to which are attached L-shaped pieces, of which the vertical 
parts constitute the cores D of the coils C. The ends of these cores 
slope towards one another under the reed. The portion E® of the 
reed is cut away to increase its flexibility. A suitable free period is 
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from 800 to 1,200 per second. F is a light conical aluminium dia- 
phragm (not shown in Fig. 306) attached at its centre to the reed E, 
at a point eccentric with respect to the axis of the core D. The 
periphery of F is close up against the casing, or may be flexibly 
attached to the casing by a ring of tissue paper, F’, 

The extent to which the reed E can approach the core D may be 
regulated as shown in Fig. 310, p. 353. If the set-screw is tipped with. 


Fig. 306.—S. G. Brown’s TELEPHONE RECEIVER (Plan). 


gold or platinum, it may be used for short-cireuiting the coil when an 
unduly heavy current reaches the instrument, as indicated in the 
sketch. 


TUNED TELEPHONES: Tur MONOTELEPHONE. 


When the diaphragm or reed of a telephone receiver is designed to 
vibrate at a very definite frequency, it is said to be tuned. Mer- 
cadier’s monotelephone consists of a thick diaphragm, resting on 


Fig. 307.—S. G. Brown’s TELEPHONE RECEIVER (Sectional Elevation). 


three points, actuated by a polarised electromagnet in the usual way. 
The instrument shown diagrammatically in Fig. 308 is more sensitive 
than Mercadier’s. The ferrotype diaphragm is fastened between a 
stretched wire and a fixed axle; the pitch is adjusted by a worm 
wheel that controls the tension of the wire. The electrical parts 
(not shown in sketch) are as in ordinary instruments. 
Tuned telephones have not proved very useful in connection with 
~ musical spark signals. The note of a spark is very rich in over- 
tones, and when a receiver is tuned to the spark rate the energy of the 
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fundamental is collected by the diaphragm, and that of the overtones 
is thrown away. (See also p. 382.) 


F=Ferrotype plate with stiffened edges, A=Light axle. 
S =Stretched_steel wire. W=Worm wheel, 


Fic.’ 308.—TuNnED TELEPHONE. 
Resonators. : 

The addition to a telephone receiver of an acoustic resonator has 
been tried by many. ‘These resonators usually consist of an air- 
chamber capable of adjustment to the pitch of the signals by varia- 
tion of the internal capacity or of the aperture. They have proved 


of but little use with spark signals, perhaps for the reason stated in 
the last paragraph. 
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Acoustic Errictency or Maqnevic Rucervers. 

For acertain magnetic instrument L. W. Austin found the relation 
betiween pitch and magnitude of E.M.F. giving bare audibility to be 
as shown by the curve of Fig. 309. This question is involved with 
that of the sensitiveness of the ear at different pitches, for which 
see p. 356. 


HicH FREQUENCY T2zL2aPHonr. 

In U.K. specification 100,281, the Société Francaise Radio- 
_Electrique describes a novel kind of telephone, which is suitable 
for introducing directly into the radio frequency circuits of a receiving 
station, especially in the case of beat reception. The magnetic 
core is of finely laminated soft iron of high permeability, and the 
diaphragm is slotted transversely or consists of a frameof stretched 
soft iron wires, and thus eddy current losses are reduced to a minimum 
and the largest possible proportion of the iron utilised. The instru- 
ment has only a relatively small number of turns, and a steady current 
through the winding keeps the iron magnetised to a-favourable 
intensity. The instrument is linked with the antenna circuits 


D-7 
Lf 


¢ : 
Fig. 310.—S. G. BRown’s ELectRoDYNAMIC TELEPHONE RECLIVER, 


by direct or indirect magnetic coupling, and for beat reception the 
generator of local oscillations is connected in series with the windings. 


_ Additions to this patent will be found in 100,282 and 100,283. 


E'ectro-dynamic Telephone Receivers. 


Tn this type of telephone the coil that carries the current ‘is sus- 
pended in a magnetic field, due either to a permanent magnet or to 
another coil, and is free to move about its position of equilibrium 
These instruments are not so sensitive as the magnetic. One of the 


_ best designs is that of 8. G. Brown, which is shown in Figs. 310 and 
3i1, Here the north pole is surrounded by a ring- shaped south pole. 


In the annular space between these is a circular frame ©’, on which is 


_ wound the coil C. The frame (’ is carried by the metal reed E, 


which itself carries the aluminium cone F. This cone has the same 


_ tunction as the cone F in Fig. 307, p. 351. 


Electrostatic (or Condenser) Telephin2 Rectivers. 
The speaking condenser, since its discovery by William Thomson 


_ in 1863, has been investigated and developed hy a number of in- 


i, 


ad 


dividuals. Pollard and Garnier used a polarised condenser ag a 
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telephone receiver in 1874, two years before the invention of the 
electromagnetic receiver by Bell and Gray. Dolbear in 1879, how- 
ever, was the first to obtain good results. Further progress was made 
by Cornelius Herz and Dunand in France. With a condenser of 
5 pF to 10 pF capacity, Herz is said to have succeeded in com- 
municating between Paris and Orleans and between Paris and Tours 
{1881). Since 1881 J. W. Giltay has contributed considerably to 
the theory of the speaking condenser (1884, 1897). His investiga- 
tions deal principally with the polarisation of the condensers, and 
he has shown that unpolarised receivers: reproduce all sounds an 


octave above the original. Workers in more recent times include’ 


Argyropoulus, H. Abraham (1907) and Peukert (1909). Ort and 
Rieger have been concerned with the problem since 1907, amd re- 
ported their first experiments in the “ E.T.Z.,” 1909, p. 655. The 
use of the apparatus has been simplified chiefly by abandoning a 
battery for charging in favour of a suitable generator. An account 
of some improvements and experiments is here set out. 


Fie. 311. 


The first condensers made by Ort and Rieger were of rectangular 
shape with stretched paper dielectric. The edges were clamped to 
avoid noises due to the condenser itself. Circular leaves were after- 
wards used, consisting of thin tissue paper saturated with shellac and 
coated with tinfoil. The condensers were made up from these leaves 
to about 0-05-0-06 pF, and were used, among other things, to prove 
that the condenser as a whole vibrates as a single diaphragm, and 
that the amount of sound produced depends upon the area of the 
plates. These paper condensers were never as sensitive as the 


electromagnetic telephone, and the low insulation resistance (about 


500,000 ohms) was found to be chiefly responsible. 

After much experimenting, indiarubber was selected as the best 
material for the leaves on account of its high insulating properties 
and low dielectric losses. Mica, although suitable in other ways, 
was abandoned on account of these losses. The construction of a 
rubber condenser telephone is shown in Fig. 312. On an aluminium 
drum, a, 10 cm. in diameter, the rubber leaves are stretched in the 
manner of a drum skin. They are fixed around the periphery so 
that no irregular vibration can take place. Hach leaf is from 0-3 mm. 
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to 0-5 mm. in thickness and weighs about 400 mg. ~ The drum is 
covered by a cap, e, provided with contacts, K, and K,, making 
connection with the plates, and a back plate, d, is fixed at a distance 
from the case as a reflector for sound from the inner surface of the 
condenser. The choice of a material for the plates was settled only 
after many comparative tests, aluminium leaf about 0-001 mm. in 
thickness being adopted as giving the greatest sensitiveness, This 
was stuck to the rubber leaves by a special process. The insulation 
resistance of complete condensers of 0-088 pF made in this way was 
400 megohms with 110 volts and 250 megohms with 240 volts. 

The charging or polarising voltage is of great importance in 
relation to the volume of sound given by the receiver. With 240 
volts the authors found that the volume was equal to that of an 
electromagnetic loud-speaking receiver and increased substantially 
with voltages of 300 and 400 volts. ) 

The variation of capacity with frequency has also been investi-- 
gated. The capacity was measured between w#=1,800 and 6,000 by 


Big s3l2: 


the Anderson method, and no variation at all could be detected 
whether the charging potential of 240 volts was applied or not. 
This is in contrast with the electromagnetic telephone, whose 
inductance and effective resistance vary considerably in conse- 
quence of the natural vibration of the diaphragm. The condenser 
telephone has no mechanical natural period. Each of the rubber 
diaphragms has a period of its own, but the periods of the separate 
diaphragms are all different, so that no definite natural vibration 
of the whole system is possible. Moreover, the disposition of the 
several layers gives such good damping that they vibrate aperiodic- 
ally. There is no “ rattling,” as in the electromagnetic receiver. 
An application of the condenser telephone is sketched on p. 307. 


Thermal Telephone Receivers. 


Several types have been invented. In one of the earliest a long 
thin wire was attached to the middle of a diaphragm, so that expan- 
sions and contractions of the wire when heated by a varying current 
caused the membrane to vibrate. It was very insensitive. 

A different principle appears in a type designed and constructed by 
the author in 1906, It consists of a short loop of stripped Wollaston 
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wire in a short piece of glass quill tube. Fig. 313 shows the instru- | 


ment full size. In use the tube containing the wire is inserted in the 
aural passage. A sudden heating of the wire by a small current 
creates an air pulse which affects the drum of the ear. It is some- 
times advantageous to have a small steady current running per- 
manently through the loop. It appears that the same conception 


occurred at about the same time to Gwodz. The mechanical details: 


have been improved recently and the instrument put on the market 
by De Lange. The instrument here sketched was made by 8. B. 
Smith for the author in 1909, and intended for use in bridge. measure- 
ments made with interrupted current. See also p. 322. 

Many structural elaborations of the thermophone have been: 
described, notably by the Naamlooze Vennootschap de Neder- 
landsche Thermo-telephoon Maatschappij (see Patents 5,832 to 
5,847/1915) and by the Elektrotechnische Spezialkonstruktionen 
Gesellschaft (see 4,353, 1915). 


Fig. 313.—SEcTIONAL VIEW OF THERMAL TELEPHONE. 
(Full Size.) 


SENSITIVENESS OF THE EAR. 
Rayleigh found the sensitiveness of the ear to sounds of different 

pitches to be as follows :— 

ERT ATR Oe c’ (256) g’ (384) _—se” (512) 

Site pee cewtee re 60x 10-§ 46x10 46x 10~° 
where s is the condensation (or rarefaction) in the air needed to cause 
an audible impression. Here the condensation is the maximum 
which occurs during the course of a vibration. The method em- 
ployed depended upon a knowledge of the rate at which energy was 


emitted from a resonator under excitation by a freely vibrating ~ 


tuning-fork. In a careful re-examination of this question, M. Wien, 
working with the telephone, finds not only a still higher degree of 


sensitivencss, but also a much more rapid variation with pitch, as — 


shown by the following figures :— ’ 

NN | 8 | N 8 
Blah Be SL 1 S1a52 10 FTA od GOO Piatinreceretae | 0-99 107 
LOG thvetaen Ree OTS KORE alle? 3/200 veer cdenernners | 0-99x 10-1 
DOO streieash as ooh Ne O:71.<:10=8.2 1h 6,400 cca ceespnrea: | 1-63 x 10-1 
AO) Weaeiteecrsiiy.tvaeeant 0-85 X 10-20 || 12,800 ..seerereeeees | 5-7, x10-8 
BOD eee shaveed... 1:63 x 10-4 | | 


In this table, N shows frequencies and s condensations in ¢.g.3. 
units. To test the question further, Rayleigh experimented in a new 
way, using metal cans maintained by electromagnets as vibrators. 
The experiments showed that for equal audibilities the condensation 
needed at pitch 128 is double that needed at pitch 256. Tn like manner 
the condensation needed at 256 was 1-6 of that at 512 per second. 


Finally, the condensation necessary for audibility at 85 per second — 
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was almost precisely double that for pitch 128. Confirmation was 
also obtained by direct comparison between the cans of frequencies 
85 and 256. Thus, to summarise, 


BV Se a's, UR 256 128 85 per second. 
Relative values of s ... 1 16 orn 6-4 


Thus the differences of sensitiveness are less than those found by 
Wien. 

The sensitiveness of the ear varies greatly with age, and the upper 
limit of audition (sometimes stated as 40,000 per second in children) 
falls steadily with advancing years. 

Considering the results in their fone on radiotelegraphy, it 
appears that we can, by increasing the spark frequency at the sending 
station, increase the effective sensitiveness of the receiving station 
many hundred times. This can be done, too, without entailing the 
difficulties connected with an increase in the sensitiveness of the 
wireless receiver itself. An additional advantage in using a high- 
pitched musical spark is that the ear picks out such signals with ease 
in the midst of ordinary interference and strays. In spite of these 
considerations, however, the practice of some of the wireless tele- 
graph companies and of certain navies is to use notes not higher than 
400 per second frequency. Prolonged trials of high-pitched notes 
have shown that they tire the ear rather quickly. 


MiIntmum AUDIBLE DIAPHRAGM AMPLITUDE,_ 

Rayleigh found by an indirect method that the minimum audible 
amplitude of a telephone diaphragm for continuous sound is 0:05 
micromillimetre at frequency 512, and 0-70 »mm. at frequency 256. 
P. E. Shaw made direct measurements of the displacements required 
to give a just audible impulsive sound. The diaphragm was de- 
flected a measured amount by a current through the windings and 
released by opening the circuit, and.the conditions were very 
favourable as regards extraneous noise. He found the value 


0-4umm. The various telephones he used are not described, but the 


current broken was about 2 to 4 uA. The air amplitude at the ear 
drum has been estimated by Rayleigh to be about one fifth of the 
diaphragm amplitude in the case of continuous sounds. 
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NOTES ON HIGH-FREQUENCY CIR- 
CUITS FOR SENDING & RECEIVING. 


SENDING CIRCUITS. 


The maximum range of transmission required of a station in the 
daytime virtually decides the best wave-length (p. 150), and this in 
turn suggests the desirable length of antenna (p. 130). Formule will 
be found on p. 172. (In the third equation the figure 20 is printed 
in error for 2 in the denominator. ) Actually the antenna may be 
much shorter than the ideal, but is not often made longer. In the 
former case a series coil is needed ; in the latter a series condenser. 

The indoor circuits differ greatly according as damped or sustained 
waves are to be used. With sustained waves the are or alter- 
nator may be connected directly into the antenna (see pp. 410-412). 
With damped waves the antenna is usually excited by a primary 
circuit in which the oscillations are generated by the discharge of a 


condenser. This primary circuit is coupled to the antenna—the 


secondary—by direct or indirect, electric or magnetic, coupling. 
Direct and indirect magnetic coupling are the most frequent. 


Two coils appear, in general, in the antenna of a spark station, one 
for tuning, the other for coupling to the primary. The total effective 
inductance of these coils is fixed by the natural wave-length of the 
external antenna and the wave-length to be radiated. As for 
the primary coil, it ought, as a rule, to have the smallest permissible 
inductance, for the reason that the initial energy of a train of primary 
oscillations is 30,0’, *, which is proportional to V,2/L,, which for a 
given voltage, V,, is “greater the smaller Z,. In prabties Ds often 
consists of merely a single turn of conduetor. 

Instead of using coils for tuning an antenna, a suitable length of 
cable, supported on insulators. outside the station building, may be 
employed. 


COUPLING TRANSFORMERS. ° 


(See p. 89 for the various kinds of coupling.) 


DiREcT MAGNETIC C)UPLING. . 

When the coupling is direct, or, as it is sometimes called, galvanie: 
or conductive, the primary winding is merely a turn or two of the 
secondary inductance, and the whole arrangement is an auto-trans- 
former. The principal disadvantage of this coupling is that the high- 
voltage side of the transformer becomes earth connected (supposing 
the antenna to be conduectively earthed), and insulation difficulties 
may arise and small faults lead to considerable losses. The oscilla- 
tions generated on the antenna by a discharge of the primary con- 
denser are mathematically: similar in all practical respects to those 
generated by the inductive magnetie coupling, unless a condenser 


intervenes between the secondary coil and the earth.” The coefficient 


of coupling is k= LIV Tee where ZL is the inductance common to 
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both circuits, L, is the total primary inductance, and L, is the lumped 
inductance of the antenna circuit. In practice L is varied by means 
similar to those described under Variable Inductances, p. 365. 


Inprrect Magnetic Courtine. 


Here the antenna is completely separated from the low-frequency 
circuit, and some insulation difficulties thus obviated. The coefficient 


of coupling is M/\/L,L>, where M is the mutual inductance ; and M 
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Fig. 314.—FormMs or COUPLING TRANSFORMERS. 


can be varied perfectly smoothly. Several methods of variation are 
seen in commercial plant :— 

Primary and secondary are (see Fig. 314) :— 
“1. Coaxial solenoids, one sliding on rails towards the other, or, if the 
voils are unequal, one sliding within the other. This method has been 
used in, ¢.g., large Marconi stations. Range: from zero. 

2. Sectors of coaxiad tores, hinged at their common axis, so that 
one can approach or pass within the other. Range: from zero 


3. Frustra of concentric spheres, or short cylinders, or annuli, 
with a common diameter as an axle on which one rotates. When 
the plane of symmetry of one coil is perpendicular to the other: the 


359 


Handbook of Wireless Telegraphy and Telephony (EccLss), 


coupling is practically zero. Range: from minus through zero to 
~ plus. 

4, Parallel spirals, one movable towards the other; the figure 
shows edge views oi the flat coils. Range: from zero. 

5. Spirals with a hinge at the intersection of their planes. Range 
in praetice: from zero. . 

6. Flat windings, each as shown in the figure, placed parallel and 
close; one rotatable in its plane about its central point. Range: 
from minus through zero to plus. 

7. Flat coils of any shape in close parallel planes, one movable 
so as to be more or less immediately over the other. Range: from 
minus through zero to plus. 


CONDENSER COUPLING, 

This coupling has not been widely used (see p. 89), and its simplest 
form:has the disadvantage that the low-frequency plant is con. 
nected to the antenna and earth lead. This defect may be removed 
by inserting the condenser shown in dotted outline in Fig. 315, __, 


Fig. 315.—CoNnDENSER COUPLING. 


Inprrect ELectric Courrine. 

Very iew, if any, stations are operating with this coupling. Lodge 
and Robinson have patented arrangements in one of which two plates 
are connected to the ends of an inductance coil in the antenna, and 
two other plates to the end of a coil in the primary. Each primary 
plate confronts a secondary plate ; the closeness of the coupling may 
be adjusted by altering the distances between the plates. 


Application of Laws of Coupled Circuits. 


The principal formulz are collected on pp. 89 to 95. They must 
not be used too confidently in circuits containing a spark, since they 
have been deduced on the hypothesis of constant resistance. 

The degree of magnetic coupling k’ is given by the equation 


6,—6,\2 
av (—*) . 
oT 


where & is the coefficient of magnetic coupling, 6,, 5, the logarithmic 
decrements of primary and secondary circuits taken alone. Coupling 
is “loose” if k <(0,—5,)/27, it is “tight” if k> (6,~5,)/2m7. The 
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oscillations in spark stations are usually set up by the discharge of 
the primary condenser, the secondary being unenergised. Then, in 
general, there occur two superposed trains of oscillations of different 
wave-lengths in each circuit; the imitial amplitudes of the two 
oscillations in the primary, and also in the secondary, are, for 
moderate couplings, in the ratio of the frequencies. As regards 
phases, the primary current of lower fréquency leads the secondary 
oscillation of equal frequency by a small angle depending on 6,—-6,; 
and the higher frequency primary current lags nearly 180 deg. 
behind the corresponding secondary oscillation. 

“yWhen the degree of coupling is zero the two oscillations in each ~ 
circuit become of identical frequency. Thus, the single-wave con- 
dition is 27t=6,~6,. Kimura, developing a formula of Drude’s, 
has shown that the maximum secondary voltage cannot then exceed 
one-eighth of the initial primary voltage. Experiments with 
average good plant are said to show that this adjustment gives the best 
signal efficiency, as well as avoiding the possible confusion from the 
emitting of two waves. It is now illegal to emit two waves within 
the jurisdiction of the United States of America. 


Fic. 316.—ARRANGEMENT FOR entre A SINGLE WAVE; 


The variation of spark resistance during a single train of oscilla- 
tions implies a variation in the degree of coupling. Nevertheless, 
it seems to be possible to adjust circuits and. spark-gap by trial to 
obtain singlewavedness approximately. On the other hand, with 
the quenched spark and with the spark between moving electrodes, 
adjustments are sought (by trial) to obtain two distinct oscillations 
that may beat in such a way as to afford an early moment of easy 
extinction of the primary spark. 

‘While the theory of constant priniary resistance shows that the 
decrements of the two waves in a coupled system should be propor- 
tional to the frequencies, Fischer’s experiments with an ordinary 
spark in the primary showed that they may often be more nearly 
inversely proportional to the frequencies—a matter depending on 
the length of the spark and the electrical dimensions of the circuits. 
Moreover, the decrements in spark circuits are usually greater than 
in those of constant resistance, especially when the coupling is 
doose. 
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The theory of three coupled oscillatory circuits has not been given 

in useful form. Examples of such circuits may be seen in Figs. 24 
and 381. The use of intermediate circuits has been urged by J. 8. 
Stone, apparently on account of an alleged wave- filtering action. 
tirardeau claims that with three circuits it is easier to obtain a 
single oscillation than with two circuits, and there is theoretical 
reason to credit this (p. 424) A method of using three circuits to 
radiate a single wave (due to the author) is shown in Fig. 316. 

Very little use has as yet been made of the properties of spark 
circuits with primary and secondary not in resonance. 
TRON IN RADIO-FREQUENCY CIRCUITS. 

The use of iron in radio-frequency circuits is becoming familiar. 
Finely laminated iron is used in the Alexanderson and Goldschmidt 
machines, in the transformers associated with them, and in certain 
frequency changers. Stampings of silicon iron (stalloy) were used 
in 1914 by Campbell and Dye in the construction of current 
transformers for measuring radio-frequency currents. And iron has 
been used quite extensively -in special parts of receiving circuits.. 

Studies of the behaviour of iron in high frequency magnetic fields 
have been published by L. Schames, R. Jouaust, EK. F. W. Alex- 
anderson, N. W. McLachlan and others, the third named employing 
an alternator. Alexanderson plotted watts lost per kilogram on a 
frequency base, with volts per turn per square centimetre of iron 
constant, and cbtained an approximate rectangular hyperbola for 
frequencies up to 10°, thus showing that the loss is relatively less. 
at high than at low frequencies. McLachlan extended this result up. 
to 108 for silicon iron, and up to 6x 10° « for pure iron, at which. 
stage the loss per kilogram diminishes linearly with frequency at 
constant apparent flux density. The voltage per turn per square: 
centimetre of iron, under constant magnetising force, increases with: 
the frequency. McLachlan has given experimental curves connect-. 
ing maximum apparent flux density, watts lost per kilogram, and 
maximum apparent magnetising force, at various thicknesses for 
frequencies between 10° ~ and 10° ~ for stalloy and iron; and the 
other authors named have given data for lower frequencies. It is to: 
be noted that although at low frequencies the eddy current loss in 
lamin increases in proportion to the square of the thickness of the 
plates, at radio frequencies the loss is less than in proportion to the: 
first power of the thickness. 

The following data are from McLachlan’s curves for pure iron and 
silicon iron (stalloy) 0-25 mm. thick :— 


Apparent Bmax.inC.G.8.| 25 50 “100. | += 200 wa 


Apparent Hmaxin C.G.8.'0-75, 1:6 | 1-6, 2-7 | 2-9, 4-25 |4-35, 6 
0-3, 0-7 | 0-7, 1-3 | 1-27, 2:28 |2-3, 3: 


Stalloy- 


———__ 


ae ee 


Loss in watts per kg. ...| 13, 6-5 | 42, 230 | 175, 760 | 530 ... |Pureiron 


12,6°0 | 34, 150 | 90,440 | 300 .... |Stalloy 


Of each pair of figures in the Table the left refers to frequency 
210° w, the right to 610°. It should be remarked that the 
apparent maximum magnetising force H ma, at the skin of the lamine 
is made up of two components in time quadrature—namely, an 
energy component which supplies the losses and. a magnetising com- 
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ponent. The true permeability of iron is much the same at radio 


_ frequencies as at zero frequency. 


Transformers. . 

The design of iron-cored transformers for wave lengths as short 
as 3,000 m. has been discussed by L. Kiithn. The advantages of the 
closed iron core are the smallness of volume and the absence of 
magnetic leakage, and therefore of eddy currents induced in 
neighbouring conductors. The basis of design was minimum. cost. 
and minimum losses. Using small flux densities (600 lines per sq. 
em.) and laminz of thickness 0-03 to 0:05 mm. of low conductivity 
iron, the hysteresis and eddy current losses can be made smaller 
than the copper losses. # 


CONSTRUCTION OF INDUCTANCE COILS. 

The inductances of a sending station have to carry large currents.. 
For instance, in a long-range spark station with a primary capacity 
of 1 pl’, wave-length 3,000 metres, and charging voltage 30,000- 
volts, the maximum value of the discharge current is about 48,000 
amperes; and with moderate coupling the antenna current may 
exceed 200 amperes. The design of the coils is mainly determined 
by the possible losses in them. The losses are objectionable, not so- 
much for economical reasons as on account of their influence ov the 
damping. 

The losses fall into three categories: (1) Joulean waste due to the- 
high-frequency resistance of the wires; (2) eddy ctirrents induced 
in the windings and in the neighbouring conductors ; (3) losses in. 
neighbouring dielectrics. 

On account of the skin effect (pp. 51, 74), straight copper tubing 
has about the same high-frequency resistance as a solid wire of the 
same diameter; hence tube, and flat strip, have been much used. 
(The metal should not be nickelled.) When wires are bent into circles 
or wound as coils another high-frequency effect occurs—namely, the 
crowding of the current to the inside of the turns—and again augments 
the high-frequency resistance. This is compensated by allowing 
more copper. ‘’o avoid eddy currents when flat strip or tape is used 
in winding a solenoid, the tape should lie on a helical, not a cylin. : 
drical, surface; and when winding a spiral the tape should lie like 


the turns of the mainspring of a clock. When tubing is used the 
_ eddy currents are considerable and unavoidable. 


Stranded Cable has been much recommended. In the “ideal” 
method of stranding, each wire should appear at the surface of the 
cable equally often, and, if the cable is wound in a coil, should appear 
alternately at the inside and the outside of the coil.” Each wire must 
be perfectly insulated. These conditions are difficult to fulfil, and 
failure brings the possibility of another loss. This is easily seen by: 
considering two particular wires of the cable, which are, of necessity, 
joined at each end of the coil; they form a closed circuit in which 
circulating currents arise, unless the total flux through the loop they 


form is always zero. Lindemann has com»vared cable of massive: 


wires and of fine wires, and has shown tha: w.o1gh for low frequencies 
the latter was the superior, yet at high frequencies this advantage- 
vanishes. In fact, a cable of 180 fine wires insulated by enamel. 
showed, with oscillations of 400 metres wave-length, a greater aug- 
mentation of resistance from the steady current value than a solid. 
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avire of equal section and equal steady current resistance, each being 
wound in coils of the same pitch and diameter. Hermann has also 
pioved by calorim2tric measurements that the losses in a coil of 
' stranded cable may be higher at high frequencies than in an equal 
coil of solid wire, though the opposite is true at low frequencies. 
The Gesellschaft fiir drahtlose Telegraphie have used antenna coils 
-of stranded cable containing more than 3,000 wires about S.W.G. 46. 
The Marconi Co. use for their sending coils a kind of stranded wire 
described as “‘ sased cord.” This is a cable with a hemp core and a 
-single lay of insulated copper wire. It is employed in various gauges 
in winding flat and cylindrical coils for small and medium sets. For 
high power stations a development of this method is used. For 
example, in constructing a helical coil with turns, say 4 ft. diameter, 
-a wooden helix is first built. This has the appearance of a wooden 
pole forcibly coiled and held like a helical spring. Along this wooden 
‘helix equal lengths of cased cord are stretched side by side one deep, 
“go as to cover the whole surface of the wood ; but the cables do not 
take the shortest path from one end to the other of the helix—each 
length is given one slow turn round the wooden support as it goes 
along it. ‘Thus the conditions for distributing the current equally 
‘among the conductors are filled very satisfactorily. But there 
remain, of course, the dielectric losses in the wood and in the in- 
sulating materials covering the wires. In this point lies an advantage 
of copper strip or tube over cable. 

Kennelly and Affel found by experiments up to 100,000 ~, that 
-gsubdivision of a round wire into a round cable of parallel uninsulated 
‘contacting strands did not alter the skin effect; but when the 
strands were insulated the resistance ratio (i.e., resistance at high to 
that at zero frequency) was reduced and diminished rapidly as the 
spacing increased. The braiding of the wires so as to exchange their 
‘position in the cross-section at frequent intervals diminished the skin 
effect still further. Thus it is desirable in making cables for high 
frequency work to use thick insulation on the strands, say, double 
cotton, to transpose the strands frequently and to avoid spirality 
in one and the same direction. The same observers found that the 
‘resistance ratio is usually smaller for strips than for round wires of 
‘equal section, but increasing the width of a strip brings in an ** edge 
effect ’ of gradually increasing importance. This, however, becomes 
very small when the return conductor is an equal parallel close strip. 
"The edge effect may be made evanescent by rolling a flat strip into 
‘the form of a split tube. 

Practical experience has of Jate years tended to show disagreement — 
with calculation. Recently Papers have been published showing 
that no advantage can accrue from stranding. Practice has, how- — 
‘ever, demonstrated that losses may be cut down by 50 per cent. by 
proper braiding and stranding. 


The insulation between turn and turn of the coils at a sending | 
station must be good; the whole voltage of the spark-gap is often — 
applied across two or three turns. The best way of insulating is to 
have consecutive turns well separated in air. Separation in air is 
better than the use of thin layers of solid or liquid dielectric, not | 
only because dielectric losses are minimised, but also because the {| 
‘capacity between turn and turn is reduced. . 
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H. J. Ryan and R. G. Marx have made investigations on the 
effects of sustained radio-frequency high-voltage discharges. These: 
discharges begin at voltages about one-third those necessary with 
audio-frequency, and are even more easily sustained. They cause: 
great energy losses and are very destructive of insulation. 


Variable Inductances. 

The inductance of tuning coils of several turns may be conveniently 
varied by moving one connection of the coil. In coils of stranded 
cable, joints are made and provided with sockets into which a plug 
or a flexible lead can be inserted. When bare tube or tape is used 
for the coil a smooth variation is obtained by making one connection 
by means of a conducting clamp that can be fixed at any point on 
any turn. This clip connection is not always satisfactory for sets 
above 15kW. Alternativeiy, the variable inductance may be a 
rectangle with three fixed sides and one movable one which can be 
firmly fixed at any place by clamps with a long bearing surface. 

Another mode of variation is that sometimes called the “ vario- 
meter.’ Here one portion of the coil is movable relatively to the 
other, though permanently connected in series. Any of the devices 
enumerated under coupling coils may be thus used. The Telefunken 
device, of which one-half is shown in Fig. 314, p. 359, when used as a 
variable inductance, is provided with switches for putting the parts in 
parallel or series. If the windings are so connected and the plates so- 
placed that the fields of the four coils are in the same sense on the whole, 
the inductance is a maximum ; if the movable plate is then rotated 
180 deg. itis a minimum. One complete rotation through 360 deg. 

and dne commutation of the coils is said to give a variation from 

1 to 16. Although the steady current resistance remains constant 
as the inductance is varied by any of the devices enumerated, the 
high frequency resistance may vary greatly. 

Another kind of variable inductance is obtained by linking mag- 
netically to a fixed coil a movable short-circuited coil of low resist- 
ance. The reaction of the closed coil on the fixed coil reduces the 
latter’s inductance the more the closer the coupling. Variable 

~ inductances can also be made by arranging a wire to wind upon or 
unwind from a rotating insulated drum. 


CONDENSERS FOR SENDING CIRCUITS. 


A condenser may be viewed as a volume of dielectric suitably dis- 
posed for the temporary storage of energy in the electric form; the 
metal parts are merely conveniently arranged conductors. The 

desirable properties of the dielectric are high imductivity, great: 
dielectric strength, small electric viscosity and hysteresis, per- 
manence, good mechanical qualities and moderate cost. 


DIELECTRICS. 

Air at ordinary pressures has a dielectric strength of 39 kV for a 
centimetre, inappreciable electric viscosity and hysteresis, but only 
unit inductivity. The maximum energy that can be stored in a 
cubic centimetre is x V?/8m ergs, which, with V=130e.s. units, is about 
700 ergs per cubic centimetre. Thus 100 ergs per cubic centimetre 
may be taken as a safe working value. Besides the bulkiness arising 
from low inductivity, air has the disadvantage that leakages occur 
by ionisation (brush discharge, &c.) at high voltages; this affects. - 
the period of a circuit as well as the decrement. : 
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Compressed air has a dielectric strength almost in proportion to 
its pressure at high pressures, hardly any brush losses, and negligible 
losses from viscosity or hysteresis. At 130 lb. per square inch its 
dielectric strength is as great as that of glass, and 28,000 ergs can 
be stored per cubic centimetre as a maximum, or, say, 4,000 ergs 
per cubic centimetre safely. Fessenden states that at 175 lb. per 
square inch metal plates 0:083 in. apart take a safe P.D. of 27,500 V. 
But its inductivity is little greater than that of air at atmospheric 
pressure (see pp. 36, 41). 

Oil of the kind used as transformer oil is a useful dislewnae The 
medium mineral oil of specific gravity 0°86 and flashing point 170°C. 
has inductivity about 2:4. Its strength for a centimetre is about 
70,000 V when very carefully dried; but moisture, in traces even, 
rapidly affects the strength (see p. 31). Occasional sparks through 
the oil do no harm until carbonisation makes the oil very dark 
coloured, when it should be filtered. The losses in dry oil are 
negligible for practical purposes. Castor oil has an inductivity 
of 4:8 and a dielectric strength about 200,000 V. for a centimetre ; 
but the electric viscosity appears to be large. There is, too, a rapid 
rate of change of inductivity with temperature. 

Glass has high inductivity (about 6-0), which is variable with the 
frequency, according to the experiments of Fleming and Dyke. 
‘Some forms, e.¢., Webb’s flint, have small viscosity and hysteresis. 
In a certain experiment the change from flint to common glass in 
a condenser increased the decrement in a spark circuit from 0-12 to 
0-15; the increase was found to depend on the initial amplitude of 
the oscillations, but not on the frequency, and is evidently dependent 
on chemical composition. At ordinary voltages of 20,000 a safe 
thickness is 0-25 em., and then the dielectric strength is 240 kV/cm. 
‘The highest energy density is 170,000 ergs per cubic centimetre ; 
a safe density 20,000 ergs per cubic centimetre. The surface of glass 
is hygroscopic, and the substance deteriorates slowly with lapse of 
time. Glass wears, too, at the edges of the armatures, 

Hard rubber, ebonite or vulcanite, has nearly twice the dielectric 
strength of glass, but an inductivity of only 2-5. Many samples 
show large losses at high frequencies. The surface gradually de- 
teriorates, especially if exposed to light (p. 30). Like most solids of 
uncertain chemical composition, its electrical properties vary greatly 
with frequency. 

Mica has high inductivity (about 8-0) and high dielectric strength 
(about 60,000 V per centimetre). Under high-frequency voltages 
its dielectric losses are large, and, besides this, considerations of 
economy limit its use in large condensers. (See p. 368.) 

Micanite, Waxed Paper and various Jmpregnated Fibrous - 
Materials have been used, but have not been found very satis- 
factory at high voltage and radio frequency. 

GENERAL CONSIDERATIONS, | ‘ ; 7 

In condensers with solid dielectrics the conducting parts, called 
the ‘‘armatures,” should be small enough to leave a liberal margin 
of insulating surface all round. Since the electric field is strongest 
at corners and edges, the dielectric is there most stressed. If the 
armatures are in contact with air or other gas the intense electric 
fields ionise the gas, and at a certain voltage, which is about the same 
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whether steady or alternating, cause luminous discharge. Besides 
this, there is with high-frequency current a luminous surface creep 
which spreads over a solid dielectric from the edges of the arma- 
tures and leads to increase of period and decrement in a discharge 


circuit. When the solid dielectric and armature are immersed in 
oil, so as to obviate the gas discharge, the stress on the dielectric 


gecomes greater, and may lead to puncture. 

i _dany designers have recommended that the corners and edges 
of the armatures be rounded or folded, or that the dielectric be 
thickened near the edges. Moreover, all parts of the metal surface 
should be smooth, especially if in contact with air. W. Torikata 
and EK. Yokoyama have shown that general efficiency is increased 
by coating the edges, and even the whole surface, of the armatures 


‘with an enamel. 


The armatures should be of good conducting metal. Copper is 


very good, but zinc and tinfoil are much used. Air pockets between 
armatures and solid dielectrics are harmful, because, firstly, the air 


greatly diminishes the capacity, and, secondly, it may become 
ionised during work and lead to wear and puncture. Hence, chemi- 


cally or electrolytically deposited metal armatures are good. To 


prevent eddy currents the armatures may be slit along lines of current 
flow over parts of their area. G. Giles has patented the application 
ot Schoop’s process to the ‘making of condensers. In this an air 


blast is used to spray molten lead forcibly on to glass—the lead ad- 


heres very strongly. 
Condensers should not be placed where the currents in coils may 


induce currents in the armature. Kiebitz showed that in a certain 
ship station, turning the plates from parallelism to perpendicularity 


with the primary inductance windings made the aecrement of the 
circuit fall from 0-34 to 0-16. 

In testing condensers a run of several hours at full power and 
normal frequency should be undertaken; undue dielectric losses, 
and consequent heating, are then disclosed. 

In banks of condensers for radiotelegraphic work, condensers may 
be connected in series and in parallel. In series connection the total 
capacity C is given by | 


Likely i 
CONG Ca ace 


In parallel connection the total capacity C is given by 
G=C74+C.4+-05+ -%. 


In large banks of condensers adjustment of the capacity is obtained 
with sufficient fineness by varying the number of units in parallel. 
The electric strength of two equal condensers connected in series is 
21-6 times that of either alone; of three in series is 3$=2-1 times 
that of one condenser, and so on. 

The leads connecting the condensers should be arranged so a» to 
have the least possible inductance. This may be well accomplished 
by running the leads joining one set of armatures parallel to the other 
leads and as close as possible to them. The Marconi Company use 
wide copper strip as leads, two of a pair being separated throughout 
their length by thin strips of ebonite or porcelain or merel y air. 
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' Typical Condenser Units. 


Two principal kinds of condenser are in use’ for high voltages, 
namely, the tubular and the plate condenser. 


TUBULAR CONDENSERS. 


These have the great merit that the length of edge of the armatures 
is very small in proportion to their area. 

The Leyden jar with tinfoil coatings is often installed in small 
stations. When the armatures are in air, visible glow discharges are 
usually present during signalling; submerging the plates in oil 
augments the antenna current about 5 per cent. The modern jar 
is of thin flint glass in test tube shape, 1| ft. or 3 ft. long, the coating 
being of electrolytic copper on chemically- deposited silver. 

‘Moscicki’s tubes are Leyden jars of the type last mentioned, 
improved by having the glass thickened near the unsealed end. A 
tube 50 cm. long, 3 cm. diameter and 0-5 mm. thick for most of its 
length, will take a safe load of 0-1 kW at 20,000 V. The inner 
armature is a copper deposit connected by a spring contact to a 
terminal on an ebonite bung; the outer coating is electrically con- 
tinuous with an enveloping copper tube filled with a mixture of gly- 
eerine and water.” Large tubes 150 cm. by 7-5 cm. overall, capacity 
0:005uF, are built to withstand 60,000 V.. | 

Variable tubular condensers are easily constructed for high voltages. 
The dielectric is a tube of glass or ebonite between two tubes of 
copper, which serve as the armatures. “One of the copper tubes 
must slide relatively to the other. 


PLATE CONDENSERS. 


This form has been used in stations of all sizes. A typical unit cell, | 
of the Marconi Company’s design, is shown in Fig. 317. The main 
dielectric takes the form of glass plates, the armatures are zinc sheets 
about 2 in. smaller each way than the glass, except at the lugs. The - 
plates are held in a porcelain (or sometimes iron) vessel filled with 
transformer oil. Ten plates are connected: by left-hand. lugs to one , 
terminal, nine interspersed plates by right-hand lugs to the other. ~ 
Both terminals come through the porcelain (or through insulators 

_ in the iron) lid; only one terminalis seen in the elevaticn the other 
being behind it. TheZoil prevents brush discharge, removes air 
Dubbles and promotes cooling; circulation is sometimes aided by 
using corrugated armatures. On this last account oil is better than 
wax, and, in addition, inspection and renewal of plates is easy_ when 
oil is used, 

The Compagnie Générale Radiotélégraphique use plate condensers 
designed by Gaiffe. These have glass plates and aluminium arma- 
{ures submerged in oil; the edges of the armatures are bent away 
{rom the glass by a strip of insulating material. 

The large air condenser at the Marconi station at Clifden has been 
stated to contain’1,800 plates of galvanised sheet steel, each 30 ft. 
by 12} ft., suspended vertically in air about 1 ft. apart. Its pegs 
is given as 1-8uF. 

Mica condensers for spark work have been made by various ‘firms 
and investigators, They are very compact. In making them slips 
of mica and tinfoil are packed together, placed in a vessel from which 
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_ the air can be exhausted and flooded with molten wax in vacuo. 
Air bubbles are thus absent, and to prevent the formation of internal 
vacuous spaces pressure is applied during cooling and a non- 
contracting wax is used. Such waxes usually contain a proportion 
of beeswax, which itself expands on solidifying. A condenser con- 
taining paraffin wax should not be allowed to cool below 0°C., as a 
permanent change takes place in the wax, which alters the capacity 
of the condenser. 
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VARIABLE PLATE-CONDENSERS. _ 


Many forms have been constructed to obtain smooth variation. 
In one form there is a fixed set of plates anda sliding set of inter- 
leaved plates. The dielectric may be air or oil. Another form 
consists of a fixed set of semicircular plates and a rotatable set of 
smaller interleaving semicircular plates. The dielectric may be 


_ ordinary air, compressed air or gas, or oil. Occasional sparks 


through mineral oil gradually carbonise it and slowly reduce its 
dielectric strength. When castor oil is used its high temperature 
coefficient of inductivity, 0-3 per cent. per degree Centigrade, must 


be allowed for in precise work. 
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ELECTRICAL DIMENSIONS OF CIRCUITS IN TYPICAL CASES. 


The proportions of capacity and inductance differ in different 
systems. In arc systems the figure sometimes recommended to 
ensure uniform behaviour of the arc is L: © =20, when L is in e.m. 
units, C ines. units—7.e., both in centimetres. In the primary of a 
spark station the condenser is made of as large capcity as possible 
if the spark rate is low, so that the greatest possible amount of power 
can be handled; but if the spark rate is high the difficulty of fully 
charging the condenser limits its capacity. If L be the inductance, U 
the capacity, NV the spark rate per second, the following approximate 
rules are suggested by theory for all wave-lengths :— 


LN oe eet : 
1. —=83 when L is in em. units, C in es. units—z.e., both in 

C centimetres. 

LN 


2. ery 2,700 when L is in microhenries and C in microfarads. 


TERMINAL VOLTAGES OF COILS AND CONDENSERS. 


The following formule are frequently useful for calculating 
voltages when the current traversing the coil or condenser is given 
and vice versa. The connection between ‘terminal voltage and 
current is 


voltage=reactance x current, 


and the voltage leads the current by 90° in the case of an inductance 
and lags 90° behind it in the case of a capacitance. 

If the voltage is in R.M.S. or in maximum volts, the current is 
in R.M.S. or in maximum amperes accordingly. 

Let the coil be of inductance L centimetres and the wave-length 
of the oscillatory current traversing it be centimetres, then its 
reactance 


=607L/A2=190L/A ohms 
within 1 per cent. 

Let the capacitance of a condenser be C centimetres, then its 
reactance =(15/m)A/O=4-8/0' ohms 
within 1 per cent. 

If the inductance is given in henries, multiply by 10° to convert 
it to centimetres ; if the capacitance is given in microfarads, multiply 
by 900,000 to convert to centimetres. 

"Sometimes, instead of X being known, the prodigy L’C’ is given 
and \ may be deduced by the formula 


d in cm.=2nrV/ {(L’ in cm.)(C’ in em.)}. 
Hence the formule for reactance become 


reactance of coil=30L—~/(L’C’) ohms, 
reactance of condenser=30,/(L’O’)—C ohms, 
all inductances and capacitances being in centimetres. 


370 


1 


RECKIVING CIRCUITS. 


RECEIVING CIRCUITS. 


The antenna used for receiving at small stations is usually the same 
as that used for sending; at large stations it is often a different and 
smaller one (see p. 132). In many instances the same receiving / 

antenna has to be used for waves of very different length, and then 
tuning coils or condensers must be connected between the antenna 
and the earth wire. In most cases a closed oscillatory circuit con- 
tains the detector, and is coupled and tuned to the antenna mag- 
netically by a coupling transformer, the primary of the:treusformer 
being in the antenna, the secondary in the closed circuit. This pri- 
mary coil may be regarded as an essential and invariable part of the 
antenna, and the length of the waves to which the antenna so cons 
stituted is in tune may be called the “ natural wave-length ” of the 
antenna. To receive longer waves in the simplest manner, # “ load- 
ing,” “lengthening,” or “ tuning ” coil must be added in series; to 
receive shorter waves a “‘ shortening ”’ or “‘ tuning ” condenser must 
be added. As a rule the coupling coil should be between the tuning 
coil and the earth, because the distributed capacity of the latter coil 
causes tapering of the current amplitude; but no such point arises 
in the use of a shortening condenser. It is bad practice to use simul- 
taneously a lengthening coil and a shortening condenser, even though 
the antenna be brought into perfect tune with the signal waves, 
In the first place, since the limited amount of energy to be extracted 
from the wave train may be expressed as $72, the antenna current 7 is 
smaller the greater L; in the second place the resistance is needlessly 
great; and in the third place, with some wave-lengths, a node of 
current may actually be formed in the coupling coil, as may be seen by 
allowing for coil capacity in diagrams of the type of those on p. 125. 

When a shortening condenser is used it ought to be shunted by 
a choking coil forjconducting to earth the electricity gathered by 
the antenna from jthe atmosphere. This by-pass should have an 
inductance and resistance large compared withthe largest coil used i 
in tuning. 


Use of Condenser for * lengthening” {Antenna, 


By connecting a variable condenser as a shunt to part-or all of ithe 
' inductance coils injthe antenna this may be tuned to receive longer 
_waves than before. The two arrangements indicated in Fig. 318 arz 
inductively identical. Indirect coupling gives an additional adjust- 
ment for tuning, however. Let, be the wave-length of the antenna 
and tuning coil before bringing up the auxiliary circuit, \ the (longer) 
wave-length of the waves to be received, A, the wave-length of the 
auxiliary circuit by itself, k the coefficient of coupling; then the 
wave-length to which the auxiliary circuit must be adjusted ir 
given by 
At Seilsenti 
V—A+ KA; 
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subject to a small correction for damping. Hence A, always lies 
between \ and +/\2—d,? and is greater the smaller kis. Note that 
k°?= M?/L,L, for indirect coupling with mutual inductance M, and 
k?= 17/1, for direct coupling with common turns of inductance L. 
The above arrangement adjusts the antenna to two wave-lengths 
simultaneously, one greater the othec smaller than \,, which can be 
calculated by the formule on p. 91. This double facility is usually 
a disadvantage. Sometimes the auxiliary circuit is coupled across 
the whole of the antenna inductance coils, including the coupling coil. 
Theory shows that signals will be weaker with this arrangement ; 
and, in any case, signals will be weaker than when tuning is accom- 
plished by adding inductance to the antenna in the ordinary way. 
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Fic. 318.—Usz or CONDENSER IN RECEPTION oF LONG WAVES. 


COUPLING TRANSFORMERS. 

~ In nearly all systems of radiotelegraphy the detecting apparatus 
is situated in a circuit which is secondary to the antenna. This is 
especially necessary if the detector is of high resistance, as otherwise 
the building up of oscillations on the antenna would be hindered 
and the benefits of syntony lost. But if the detector is of low resis- 
tance and the signals to be received consist of very damped wave 
trains, the detector may be used in the antenna without disad- 
vantage. id 

All the arrangements for coupling described on p. 359 under “ Send- 
ing” may be used. 


Ordinarily, when the inductance of a primary or of a secondary 
circuit is altered for the purpose of receiving different wave-lengths 
in turn, the coupling between the circuits varies greatly at the same 
time, because it depends on the self-inductances that are varied as 
well as on the mutual inductance (possibly constant) between 
primary and secondary. To remove this difficulty the tuning coils 
in primary and secondary may be divided into corresponding sections 
which may be coupled separately each toeach. That is to say, there 
are a number of primary coils connected in series, each coupled to 
the corresponding one of a number of secondary coils connected in 
series, the number in each being altered simultaneously and kept 
equal by a linked switch. KE. Girardeau hes suggested the arrange- 
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ment shown in Fig. 319, where the primary coils are mounted on one 
frame and the secondary coils on an independent similar frame, so 
that the movement of one frame relative to the other brings about 
smooth variation of the coupling. 

In all receiving sets care should be taken that no primary coil acts 
inductively or otherwise on any secondary coil, excepting the 
primary and secondary coils of the transformer. This condition is 
difficult to fulfil if compactness is desired and tuned secondary 
circuits are used. . The scheme of Fig. 325, p. 376, would here be 
useful. 


Application of Laws of Coupled Circuits. 
Much of what appears under ‘‘ Sending 
to receiving circuits. 


29 


(p. 360) may be applied 


Fri. 319. 


Since two circuits of the same or different frequencies constitute 
when coupled a system possessing in general two distinct natural | 
frequencies, an anteana and its secondary may be “tuned.” te 
receive waves of length A, although neither circuit separately has 
that wave-length; im fact, unless the c«ay ing is loose the wave 
lengths of the antenna and secondary must not be the same as that 
of the incoming waves. For maximum current in the secondary 
it is found, however, that the primary and secondary should be in 
resonance with each other when medium values of the coupling are 
employed. Whether resonance is or is not established, the above 
consideration shows that tuning to signals may be accomplished over 
a short range of wave-lengths by variation of the coupling solely. 

Many coupled spark senders emit waves of two lengths. It is_ 
possible to adjust the circuits of a receiving station so that the two 
natural frequencies of the apparatus sha!l be the same as those of a 
particular sending station, and in this way to aim at absorbing 


373 


Handbook of Wireless Telegraphy and Telephony (Eccizs), 


the energy in both wave-lengths. Kimura has stown that when this. 
is done the signals are not so good as when the sending station used 
a coupling loose enough to radiate only one wave-length. 

This last remark does not apply to those methods of sending in 
which sustained waves are given a musical note by, for instance, 
exciting the field of a high-frequency alternator with relatively low- 
frequency current. In such a method the’ waves are radiated with 
amplitude varying as 

2 sin 27Nt sin 2rnt 

which =cos 2n(n— NV )t—cos 2n(n+ Nt, 

where 7 is the high frequency of the oscillations, V the low frequency 
of the note. Here the frequencies of the two emitted waves— 
namely, n—N and n+N—difier by about 2N in n. Supposing 
N=1,000 per second, n—50,000 per second (A=6,000 metres), the 
two wave-lengths differ by about 4 per cent. This may with advan- 
tage be allowed for in adjusting the receiving apparatus. 


Fic. 320.—ULTRAUDION RECEIVING CIRCUIT WITH AUSTIN’S 
‘‘ SENSITISING CircuIr’’? S. #4 


A curious application of the properties of coupled circuitsis seen 
in a modification by L. W. Austin of de Forest’s ultraudion connec- 
tions, and is shown at S in Fig. 320, An explanation of its mode of 
operation was given by Armstrong. The presence of S gives to the 
receiving circuit two natural periods ; one of these is adjusted to be 
in exact tune with the incoming signals, the other frequency, being 
sustained by the audion, beats with it. Since the circuits are in 
tune with the incoming waves there is advantage over ordinary 
beat reception when the receiving circuits are necessarily slightly out 
of tune with the incoming waves. 


NON-PERIODIC SECONDARY CIRCUITS. 


The primary—1.e., the antenna—is tuned to the incoming waves, 
but the secondary is given a fixed frequency much lower. Jn Fig, 321 
Pp, S are primary and secondary, D is the detector, K a block eon- 
denser, V a voltage divider, T the telephones. For waves of large 
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decrement this method is very good. In Fig. 321 the coupling is 
indirect, but direct coupling may be used if desired. Under this 
heading must be included the connection shown in Fig. 322; for 
though the condenser may be varied to get stronger signals, the 
secondary circuit is usually rendered aperiodic by the large resistance 


Fic. 322.—NoNn-PERIODIC 
SECONDARY CIRCUIT. SECONDARY CIRCUIT. 


of D. When, however, by accident or design, the fundamental or 
an overtone of standing waves on the coil has the same frequency ag 
the received waves, the term aperiodic is a misnomer in both the above 
cases. 


PERIODIC SECONDARY CIRCUITS. 


Typical circuits are shown in Fig. 323. Here primary and secondary 
must both be tuned to the signals. For this to be effected accu- 
rately the coupling should be loosened step by step, adjusting 
antenna and secondary to obtain maximum loudness at each step ; 


Fic. 323.—Prrropic SECONDARY CIRCUIT. 


when the coupling is as loose as is possible with careful tuning, both 
circuits may be considered to have the same frequency as the signal 
waves, and the wave-length may be computed from the capacity and 
inductance of the secondary if these are known. For reading the 
signals, increase the coupling by steps, taking care in adjusting the 
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antenna and the secondary at each step to alter both circuits in the 


same cirection—i.e., to increase the wave-length in both or to. 


diminish the wave-length in both. An optimum coupling can 
usually be found on trial. Theoretically it is better to alter the 
wave-length of both circuits in the direction which brings both 
nearer to the wave-length of the antenna when unloaded with 
secondary circuit open. In Fig. 323 the detector is coupled to the 
secondary circuit by a moving contact which provides for adjustment 
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Fie. 324.—Mopes oF Courtine DETEcTor Circuit To SECONDARY. 


of the high-frequency voltage applied to the detector. But this 
adjustment may be provided also by the direct coupling effected with 
the split condenser in Fig. 324, or by the indirect magnetic coupling 
shown in the same figure. In Fig. 325 is shown a frequent arrange 
ment for direct coupling between primary and secondary circuits. 

| High-resistance detectors demand circuits of specially careful design 
and insulation. The variable condenser Cin Fig. 323 should be very 
small, the inductance 8 very large, and the condenser K may some- 
times be removed in the arrargements of Figs. 323 and 325. At 


Fig. 325.—DirEct-couPLED Cir- Fic. 326.—Direct-coupLEep Cir- 


cuiTts FoR DeEtrEcrors or Low  cwuirs For Derecrors or HigH 
RESISTANCE. RESISTANCE. 


resonance stationary waves form on the secondary coil, since this 
possesses distributed capacity. In order that the highest possible 
voltage may be built up and applied to ore terminal of the detector, 
this terminal, its connecting lead and the end of the coil must be 
well insulated and kept as far as possible from all objects connected 


to earth (including the antenna coils). For direct coupling the - 


appropriate connections are showa ia Fig. 326. In this arrangement, 
if C be not required for tuning, the secondary coil becomes the so-called 
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“extension wire,” formerly appliel by Slaby to circuits for filings 
coherers. For the best: results in Fig. 323 and 326, the condenser O 
must not be so large as to make the wave-length of its circuit greater 
than twice that of the fundamental ‘stationary wave of the coil 
itself. To receive a large range of wave-lengths, several coils of 
different lengths are, therefore, necessary. : . 

_ In cases like that of the last paragraph the wire used in winding 
the coils may be of relatively small gauge, since only very small high- 
frequency currents are running. «For average wave lengths.S.W.G. 
26 to 30 may be used for secondary, S.W.G. 20 for primary, windings. 

It is nearly always advisable to connect one telephone terminal] 
to earth, as indicated in Fig. 323. This cannot be done, however, 
when the “earth ” is a system of pipes in which stray currents from 
electrical machinery run. 
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Fiaq. 327.—J. S. Stonz’s 
TTR TUNER. 


INTERMEDIATE CIRCUITS. 


Intermediate circuits, periodic or non-periodic, have been pro- 
posed by several inventors. J. S. Stone has described various 
forms of which a typical instance is seen in Fig. 327. In the oscil- 
latory circuits ABC the inductances are kept af fixed value and 
tuning is accomplished by the variable condensers. The couplings 
between the circuits AB and BC are variable separately. The 
detector circuit D may or may not be bridged by the capacity shown 
in broken lines. The condensers used by Stone had air as dielectric, 
and the plates vertical, with one set mounted to slide from between 
the others. 

The Marconi Company’s ‘“‘ multiple tuner” is shown diagram. ° 
matically'in Fig. 328. Here a is the antenna, e an earth and ra 
detector ; b is a part of the antenna inductance which is independent 
of the other circuits, c is the part that forms the coupling with the 
intermediate circuit, and gis an adjustable condenser; h and k are 
equal invariable inductances, | is an adjustable condenser, m is 
a fixed inductance, and n an adjustable condenser in the detector 
circuit. ‘The coils h and k are smaller than ¢ and m, and are 
placed inside them. They are fixed to the same spindle, so that the 
couplings of h to cand k to m can be varied precisely similarly, In 


377 


Handbook of Wireless Telegraphy and Telephony (Ecctzs). 


using this tuner, according to the patent specification, the axes of 
h and k are set parallel to the axes of c and m, and the antenna con- 
tacts adjusted to give the strongest signals; then the capacity | is 
adjusted and then the capacity n. The couplings c to h, k to m, are 
now loosened by rotating h and k, and the above processes repeated. 
Since h and k are inductances of known fixed value, the variable 
condenser can be graduated so as to read wave-lengths directly. An 
intermediate circuit of this special type is itself two coupled circuits 
hl and kl. Let the inductance of h and of k be LZ, and the capacity 
of | be C. The usual two wave-lengths of a coupled pair of circuits: 
become identical and are given by 


A=2rV/ Lage) 
where i, Land C are in cm. 


Fic. 328.—Marcont Company’s 
“MULTIPLE”? TUNER. 


CONSTRUCTION OF COILS. 
(See remarks on Stranded Cable, p. 363.) 


For circuits receiving sustained wave signals it is theoretically 


important to make the high frequency resistance of all coils as low 
as possible, so as to enhance the effects of resonance between the 
incoming waves and the receiving apparatus and obtain good selec- 
tivity; but for stations that are to receive only damped wave trains 
it is not worth while making the receiving apparatus with a decre- 
ment better than one-third or one-fourth that of the waves. In 
general, wire of large gauge—e.g., S.W.G. 16—gives when wound in 
coils heavier losses through eddy currents than is given by the extra. 
resistance of smaller gauge wire—e.g., S.W.G. 24. If the detector 
resistance is high the gauge of the secondary may, for spark work 
on fairly long waves, be made about 30. To avoid dielectric loss the 
insulation between the turns should be air—bare wire with } mm. air 


spaces is very good; and in addition the distributed capacity is 


thus kept small. : p 
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Corts oF Maximum INDUCTANCR. 


For a given length of wire the single-layer solenoid of greatest 
inductance is that which has its diameter rearly 2-5 times its length. 
A coil of these proportions has inductance L in e.m. units (centi- 
metres) :— 

L= 27°6b%n ,?, 


where 6 is the length in centimetres of the winding measured along 
the solenoid, and n, is the number of turns per centimetre. The 
total length of the wire is 7:58b2n,._ See p. 67. 


Coils of Variable Inductance. 


For very wide variations of inductance a useful arrangement is 
that of a long solenoid divided into equal sections by, say, 10 tappings, 
led to a single-pole dial switch. One end section may be subdivided 
by 10 tappings led to another dial switch. This is sketched in Fig. 329 
for a four-section coil. Flat coils can be divided similarly. 

In long tuning coils for commercial work the tappings are sepa- 
rated by more and more turns as inductance is added to the antenna. 


Fig. 329.—Puan or Com with TAPPINGS. 


By making the numbers of turns in geometric progression the wave- 
length is increased by approximately equal percentages. 

The disadvantage of this and similar modes of construction is 
that when one part of the solenoid is in use the remainder is in con- 
ductive and inductive connection. If the oscillations in one part 
happen to have a frequency near those of possible standing waves 
on the remainder of the coil, large currents may be induced in this 
portion and wastage and mistuning caused. With the idea*of 
obviating this, many ingenious switches have been devised for 
totally disconnecting the unemployed portion by the movement 
of the switch. The most thorough remedy is to disconnect and 
remove the idle sections completely out of the field of the sections 
in use. 

For effecting smooth variation of the inductance in a circuit the 
whole coil may be divided into two portions, connected in series 
between which the mutual inductance M is variable by relative 
motion between the parts, as in the case. of sending coils, p. 365. If 
L and L, be the inductances of the two portions when separated, 
the total inductance may be varied from 1+ L,—2M to L+L,+2M, 
achange of 4M. Typical constructions are enumerated on p. 359. 
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A primitive form of variable inductaace is that in which a sliding 
contact runs parallel to the axis of the solenoid and taps off any 
desired length. Even if the contact can be male beyoad reproach 
there is always the danger that the slider may short-cireult a com- 
plete turn Ly resting on two consecutive wires. This short-circuited 
turn has oscillatory current induced ia it, which not only causes 
wastage, but also alters temporarily by its reaction the value of the 
self-inductance of the portion tapped off. 


CONDENSERS FOR RECEIVING CIRCUITS. 


Much of the information under “ Sending Circuits,” p. 365. is 
applicable to receiving circuits. The outstanding difference is that, 
since only small quantities of energy have to be handled in receiving 
apparatus, the volume of dielectric is much smaller. It is easy to 
use air condensers for tuning, and so avoid practically all dielectric 
losses. 

For fine adjustmeat of the capacity in a circuit the best method 
is to use two condensers in parallel, one of much smaller capacity 


Fic. 330.—PLATES OF A CONDENSER. 


than the other. A fairly large change in the smaller is then but a 
small proportion of the whole. In accurate work needing fine 
adjustment the capacity of the leads should be taken into account. 
Perhaps the best way is to surround the lead from the insulated 
armatures by insulating material covered by a metal tube 
connected to the other armatures or the metal case of the 
condenser. xcs 
Convenient small condensers can be made by silvering plane slips 
of glass aad mounting several parallel in a irame. Connection can 
be made to the silver armatures by copper plating a small area of 
the margin and soldering to this a light lead, or merely by pressing 
the silver plating against tinfoil end pads. By coanecting armatures 
aceg together (Fig. 330) and bd fh together the dielectric is glass; 
by connecting ab ef together and cdg fh the dielectric is air. The 


condenser can be made very compact if mica be used in place of 


glass and the air spaces be reduced to a fraction of a millimetre. 


Variable Condensers.—PLaTE CONDENSERS. 

The familiar semicircular plate condenser, p. 369, suggested by the 
system of plates seen in a Kelvin electrostatic voltmeter, is the most 
generally useful. Sometimes the whole coadenser is enclosed in a 
concuciing case in order to prevent the variations of capacity that 
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may arise from the movement of neighbouring objects. It is the 
usual manufacturer’s practice to connect the fixed semicircular 
plates to the metal case and to insulate the rotating shaft of the 
movable semicircles, but it seems preferable mechanically to reverse 
this procedure. Fine adjustment is sometimes provided by a: worm 
gearing with a wheel on the spindle that carries the movable plates. 
Condensers of this type can easily be made with maximum capacities 
ranging from 300 to 30,000 e.s. units. High resistance crystal 
detectors require a condenser of about 300¢.s. units maximum; 
low resistance detectors about 3,000 e.s. units maximum. 

A more compact form of semicircular plate condenser is due. to 
the Marconi Company and J. St. V. Pletts. It is shown diagram- 
matically in Fig. 331. One pair, A, B, of semi- 
circular metal plates is held fixed by the lugs 
shown, another pair, C, D, separated from the 
first by a plate of dielectric, can be rotated 
together by means of their lugs round the non- 
conducting spindle 8. A number of these ele- 
ments, perhaps 40, are assembled in a box, the 
plates of dielectric being perforated and the metal 

Fie. 331. plates being shaped to allow of a central non- 
conducting spindle. The lugs of the stationary 
plates are connected mechanically and electrically to pins fixed in 
the bottom of the box, the lugs of the movable plates are connected 
to pins fixed in the circular lid of the box. The rotation of the lid 
can carry the movable plates through nearly 180 deg., and different 
modes of connecting up the terminals on the pins just mentioned 
allow of various maximum ranges. 
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Fic. 332.—Marconir Company’s BILtIFARAD CONDENSER. 


The maximum capacity ofa condenser about 4 in. diameter and 2 in. 
high is 10,000 e.s. units. The plates are about ;4, in. thick, and the 
dielectric is ebonite of about the same thickness. 

Variable plate condensers of the sliding plate type are frequently 
used in receiving sets. 
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TUBULAR CONDENSERS. 

A small tubular condenser with a maximum capacity of about 
1 billifarad is used by the Marconi Company in connection with the 
Fleming valve or the carborundum detector. It is illustrated im 
Fig. 332. The dielectric isebonite tube, the movable armatures are 
brass tubes sliding on the ebonite tubes, propelled by a rack and 
pinion with milled head. The fixed armatures are inside the ebonite 
tubes and connected to the left brass standard. A short scale (not 
shown) gives approximately the value of the capacity. 


Block Condensers. 

Examples of the use of these are seen at K in Fig. 321, p.375. Their 
primary function is to stop steady currentswhile allowing oscillatory 
currents to pass. These condensers are usually made of tinfoil and 
mica, or tinfoil and waxed paper, when a fairly large capacity is 
required, otherwise condensers of the type already described will 
serve. In anordinary receiving seta range of 1 to 100 billifarads is 
desirable if different telephones and detectors are going to be used. 
With a certain pair of telephones of 5,000 Q resistance, a carborun- 
dum detector, and a note frequency of 400 per second, a suitable 
block. condenser capacity was found to be about 2-2 billifarads. 
Variations in the size of the block condenser cause very noticeable 
charges in the timbre of spark signals by strengthening some 
partials and weakening others by resonance. 


SPECIAL TUNING DEVICE. 


In jpatent No. 28,070/1912, granted to La Compagnie-Genérale 
Radiotélégraphique, an ingenious system of connections for facili- 
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Fig. 333.—CONNECTIONS FOR FACILITATING TUNING. 
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_ tating the tuning of a receiving set is explained. Fig. 333 illustrates 
the matter diagrammatically. _ Suppose, first, that the antenna and 
secondary are right out of tune with the signals to be received, and 
let the switch N be over against the point O. The telephone T and 
the detector L are in a non-oscillating circuit closely coupled to the 
antenna at RD, and, therefore, by varying either the antenna induc- 
tance at D or the antenna condenser at F, or both, the signals can be 
picked up. Then, while keeping the switch on O, vary the con- 
denser C or the inductance 8, or both, in the secondary circuit 
SQCBE, which is loosely coupled to the antenna at BE. As this 
circuit comes more nearly into tune with the signals, the loudness of 
the sounds in the telephone will diminish, till when the circuit is 
perfectly in tune there will be no trace of the signals. One way of 
explaining this is to observe that the energy picked by the antenna 
from a train of damped waves is passed in much greater proportion 
to a circuit in resonance than to one not so adjusted ; but another 
explanation is offered in the specification at much greater length. 
Thus, when the signals have vanished from the circuit including the 
point O, the switch may be moved over to P, and the signals be 
found in strength in the loosely-coupled secondary. me 
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DESCRIPTIONS OF SYSTEMS AND 
STATIONS. | 


See also section on “* Generation of Oscillations.” 


By a “system” of wireless telegraphy is meant a complete 
scheme of methods and means for the establishment on a commercial 
scale of radiotelegraphic intercommunication between places called 
“stations.” In the ideal case the methods and the*apparatus for 
sending and for receiving are all protected, in their essentials, by 
valid patents belonging to, or leased to, the firms selling or operating 
the system. Not all systems reach, this ideal. 

In the following descriptions of systems and stations only those 
are included that have been in practical operation within recent 
years. For the description of the Federal-Poulsen system infor- 
mation was courteously supplied direct by the company. 


THE MARCONI SYSTEM. 
SENDING PLANT. 


The method adopted for transmission by the Marconi system is shown, 
omitting details, in Fig. 334. The alternator, A, supplies current to 
a transformer, C. In most modern sets, the positions of discharger and 
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Fic. 334.—D1aGRAM OF TRANSMITTING SYSTEM. 
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A 


primary condenser shown in Fig. 334 are exchanged. There is an iron - 


_ core inductance, B, which is adjusted so as to tune the circuit to the fre- 


quency of the current. _ Current is usually supplied by the alternator at 
about 75 volts for small stations up to 2,000 volts for large ones, and is 
transformed up to, say, 15,000 or 20,000 volts. The frequency varies 
from 50 to 300 periods per second in the largest stations. From the 
transformer the current flows through air-core choking coils, D,, D, (the 
object of these being to protect the transformer from high-frequency 
oscillations), to the oscillation circuit, which includes a variable condenser, 
the spark discharger E, a tuning inductance, F, and the primary of the 
oscillation transformer. The aerial circuit includes a variable inductance, 
H, the secondary of the oscillation transformer (the coupling of which can 
be varied) and an earth arrester, G. 

The earth arrester may be described as a short spark-gap which is 
insufficient to insulate the aerial from the earth plate in sending ; but 
when signals are being received the oscillations can no longer go to earth 
through the earth arrester, and thus they traverse the receiving appa- 
tatus which is connected in shunt to it. By this means switching the 
antenna from the transmitting to the receiving apparatus, and vice versa, 


_ is avoided, and an operator can listen for signals without any pause while 


he himself is signalling. It is, in fact, an automatic switch, and also 
affords protection for the antenna from lightning. The arrester consists 
of two round brass plates separated by a disc of mica to a distance of 
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about 0-0Olin. To prevent sparking and burning at the edge of the mica, 
a circular groove is cut in each plate coinciding with the edge of the mica. 
Consequently all sparking takes place from the outer edge of the upper 
plate to the lower one, which is larger. A section of the arrangement 


adopted is seen in Fig. 335, with sockets for the various terminals of 


antenna and receiving apparatus. 


Dise Dischargers. 


For anything but the smallest stations the disc form of discharger is 


used. Jn the case of stations of 5 kW and’somewhat larger powers, the 


device consists of a disc mounted on the shaft of the alternator and prc- 
vided with a certain number of equidistant spokes projecting from the 


periphery, the number of these spokes depending upon the number of 


poles and speed of the alternator and the frequency of the spark desired. 
This -part of the machine is, of course, insulated, and for this purpose a 


_ thick rubber disc is interposed in the shaft as a coupling between the 


alternator and the disc. 'T'wo fixed electrodes are provided so as to give 
two gaps in series, these electrodes being radial to the disc, and so placed 
that a discharge takes place as a spoke passes under each. These clec- 


_ trodes are mounted upon a frame which can be moved round to some 


extent, on the lines of an ordinary brush-rocker in a dynamo. By this 


means the spark can be timed so that it takes place when the voltage is a 


maximum. ‘The adjustment is carried out without difficulty by experi- 
mental trial, and as a scale is provided the most suitable position can he 


noted. The arrangement will be understood by reference to Fig. 336 in 
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which A is the disc, with spokes B and fixed electrodes C (which in the 
example illustrated are actually discs). The latter are carried by means 
of insulators D on the rocker, which has a scale, F, and is adjusted by the 
screw G. 

In larger stations the fixed electrodes take the form of small discs, 
which can be turned round by hand when desirable, so as to change the 
surface from which the spark jumps. In still larger stations—for example 
those of 20 kW and above—these discs are driven by a chain drive, which 
in turn is operated by worm drive, asshown in Fig. 337. Inthis figure the 
arrangement for altering the position of the disc electrodes A, B, so as to 
obtain maximum E.M.F., is clearly shown, and is actuated by the small 
hand wheel C at the side. 

In the largest stations the main disc, takes a somewhat different form, 
with projections on theface. Anexample of this type is shown in Fig.338, in 
which the disc has a diameter of 50 in., and carries 24 projections. The 
speed of rotation is 2,000 to 3,000 revs. per min. In this case the sub- 
sidiary disc electrodes, A, B, are seen to be horizontal, and they are placed 


; / 4 ‘ 
Fic. 338.—Spark DIscHARGER FoR LarGe Stations. (52 in, disc.) 


one on each side of the main disc, being actuated by.a worm drive. The 
motion of these discs is very slow, being just sufficient to preserve the 
surface. The length of spark-gap can be regulated by the small hand 
wheel C seen below the nearer disc. A number of cylindrical insulators, 
D, are noticeable for insulating the disc electrodes. (See algo page 188.) 


Signalling Keys. 


A key designed by A. Gray, of the Marconi Co., for medium powers is 
shown diagrammatically in Fig. 260. Upon depressing the Morse key K 


the electromagnet M, attracts A,, which closes the circuit of the alter- 


nator through the magnet M,.. The armature A, is attracted and closes 
the circuit through the station transformer. When K is released, A, 
continues to be held down till the instant the alternating current passes 
through a zero value. The circuit is therefore broken when a very 
small current is flowing. . 
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The Marconi Company use in their high-power stations a key that 
breaks ‘high-voltage, current, either alternating or direct. This key is 
shown in Fig.340. The light arm B, AB, is actuated by two plungers, 
P,, P;, energised by a Morse key and local battery. The series contacts 


Alternator*\_/’ Transformer 
Primary 


Fia. 339, 


at B,, B, are made between copper, and the arcs are extinguished by an 
air blast at a pressure of about 8 in. of water, delivered throught ubes T. 


For modern developments of Marconi sending plant see p. 194. 


Fia. 340. 


RECEIVING APPARATUS. ee 


~ The receiving apparatus, which is connected in shunt to the earth 
arrester, is omitted from Fig. 334 for the sake of clearness. The 
transmitting tuning inductance H and secondary of the oscillation trans- 
former S remain in circuit. as shown in Fig. 34l. The whole of 
the aerial receiving apparatus, omitting details, is in shunt to the .- 
earth arrester G; there is the aerial tuning inductance A, the variable 
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condenser C, variable inductance D and primary of the oscillation trans- 
former KE. These last three have in shunt with them a choking coil, B, 
the object of which is to remove 
static charges from the aerial. 
The antenna circuit is coupled 
inductively with an intermediate 
oscillation circuit, X, which in 
turn is inductively coupled with 
a third circuit, Y, containing the 
detector I. Variable condensers, 
EF and J, are included in these 


= two circuits for tuning, and the 
=H coupling of the intermediate circuit 
eC is variable. When desired the 


detector can be switched into the 
antenna circuit, the variable in- 
ductance D and coupling E being 
= then cut out. 
Ses One of the noticeable parts of 
the Marconi receiving apparatus 
is the multiple tuner. Its theory 
is referred to on p. 377. 

Fig.342 represents the connection 
of the tuner when the switch is at 
“tune.’> When the switch on the 
tuner is at ‘“‘std bi’’ the magnetic 
detector is in-series with the aerial, 
the aerial tuning inductance, the 
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Fig. 341.—D1aGRamM oF RECEIVING S¥STEM. 
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Fic. 342.—Connectrtons of Marcont MutrieLeE TUNER. 


aerial tuning condenser, and the earth connection. This arrangement gives 
very flat tuning, enabling the operator easily to “find” a station. When 
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the switch is at “‘ tune” the magnetic detector is placed in series with a 
condenser and self-inductance, which inductance is coupled inductively 
with another circuit called the intermediate circuit; and this inter- 
mediate circuit is again coupled with the aerial circuit. Each circuit is 
approximately adjusted to the wave-length being received. This arrange 

ment gives very sharp tuning. The wave-length can be read off from the 
intermediate circuit with the help of a chart provided. This tuner is 
suitable for use on ship or shore stations, particularly where sharp tuning 
is wanted and the normal tuning given by the aerial circuit, due to high 
earth resistance, &c., is not very good. 


Three-Electrode Valve Receivers. 


The Marconi Co. use the circuits shown in Fig. 343 for the reception and 
reinforcement of spark signals by aid of three-electrode tubes. The 
usual closed circuit LC of ordinary spark receiving apparatus arranged 
for a crystal detector appears now in the repeat circuit of a valve, of 
which the control circuit comprises part or all of the antenna inductance. 
Retroaction is effected when the filament is glowing by means of the cus- 
tomary coupling & between antenna and closed circuit. When the fila- 
ment is cold the circuits may be used as a simple crystal receiving set, 
but when it is hot and the coupling adjusted till the circuits are about 
to oscillate, the incoming waves are greatly reinforced before being passed 
to the detector. (Reference should be made to p. 302.) 

If the coupling & be increased till high frequency oscillations start 


and are sustained in the circuits by retroaction between repeat and. 
control circuits, a howling note will be heard in the telephones if the ~ 


detector and valve are in correct adjustment. This howl is one of the 
most valuable criterions of the adjustment of the apparatus in the 
absence of signals. If the howl is very high pitched it shows that the 


crystal E.M.F. is not quite high enough, and the slider should be moved ~ 


‘in the correct direction to increase it (usually away from the centre of 
the resistance). If the howl is very low pitched, more like a succession of 
clicks, the crystal potentiometer should be adjusted in the reverse 
direction. 

The valve potentiometer can also be well adjusted by listening to 
the howl. Place the slider in the position which is thought to be approxi- 


mately correct and adjust the reaction coil so that the howl is just on the © 


point of appearing. Now move the valve potentiometer to and fro and 
it will be found that there is a point where the howl is strongest—this is 
the correct working position for the valve potentiometer. 

When putting a new valve into the apparatus, the correct plate voltage 
to use can be approximately ascertained by sliding the valve potentio- 
meter to the end and raising the plate voltage step by step until a faint 
glow can be seen. The correct position for the sliding contact can then 
be found by the howl as before mentioned. 

There are two kinds of filament in general use: (1) Platinum coated 
with calcium oxide (lime); (2) Tungsten. The lime-coated filament 
has the advantage of being much more active than the tungsten fila- 
ment. It is particularly suited to the circuit shown in Fig. 343. The 


tungsten filament has the decided advantage of requiring less current to _ 


heat it to the requisite brilliancy, but is liable to become brittle after use. 
The degree of exhaustion of the valve is also important. Certain valves 
are specially designed to work with fairly low plate E.M.F.s, say, 40-60 
volts. These must have a certain amount of gas in them to operate well. 
Valves of this type are generally provided with some vacuum regulating 
arrangement. 

Tn an early form of tube designed by H. J. Round a means of varying 
the vacuum was provided. A small pouch blown in the glass and 
opening into the bulb, contained a quantity of asbestos or other suitable 
gas-occluding material. On warming the asbestos by applying heat 
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_, to the glass pouch a small quantity of gas could be liberated and the 


tube “softened.” In this way the progressive ‘hardening’ that 
occurs under certain conditions when a tube is in use (by the driving of 
molecules of gas into the solid matter of the tube) can be corrected as 
desired. The state of a tube in respect of its gas is most easily observed 
by applying a suitable negative voltage between grid and filament when 
the tube is being run normally—the magnitude of the current registered 
(sometimes conveniently called the “ backlash ” of the tube) is a measure 


Fic. 343. 


of the number of positive ions flowing to the grid and, therefore, of the 
amount of gas in the tube. Experience shows that valves for use in 
circuits in which the ratio L/C is relatively low operate best when con- 
taining a definite proportion of positive ions. In specification 8,927/ 
1915, the Marconi Co. and G. M. Wright describe an automatic appa- 
ratus for switching current on and off a heating coil wound on the asbestos 
pouch according as the current from grid to filament outside the tube falls 
below or rises above a certain value. 


X-stoppers. 


Some recent X-stoppers used by the Marconi Co. utilise three-electrode 
tubes in a variety of ways. One important principle is that of imposing a 
limit on the current that can possibly be passed from aerial to detecting 
circuit even by the strongest impulse; and in one type of apparatus 

b this is accomplished by reducing 
the filament temperature and, 
theretore, the thermionic. cur- 
rent, as far as may be done with- 
out making the repeat energy 
less than the original. One way 
of carrying out this conception 
is shown in Fig. 344, taken from 


Patent 8,926/1915, granted to 

the Marconi Co. and G. M. 
= Wright. Here H represents the 
Fic, 344.—Marconi Co. AND antenna and K the detecting 
WRIGcHT’s X-STOPPER. circuit. The coil L is coupled 

to J, and adjustments are made, 

while the filament is cold, so that the coupling annuls any electric 
action that: would be conveyed from H to K by the capacitance between 
the electrodes of the valve itself. Then when the filament is glowed to 
produce only unit magnification, the strongest stray is limited by the 
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valve to have no more effect in the detecting circuit than the signals. 
Inthe connection shown in Fig. 345 taken from the same specification, the 
conception is woven in with that of incrementing the receiving antenna. 
Moreover, in the antenna is inserted a 
resistance P whose dissipative effect on 
signals of the desired frequency is: com- 
pensated by the incrementing valve. The 
resistance damps out strays more than 
signals, it is said, and, besides, limitation 
of the strays is accomplished by the low 
temperature filament. (A similar method 
appears on p. 184.) 

Another mode of limiting the response to 
strays is protected in 105,081 by the 
Marconi Co. and F. P. Swann. This is 
illustrated in Fig. 346. The coupling X is 
for compensating any electrical action 
passed by the internal capacitance of the ee 
valve when cold, and potential dividers aoe ws 
P,, P, are arranged for applying small Fie. einai oe 
potentials to grid and anode. If P, be AND WRIGHT 3910S 
kept fixed and P, moved to the left, the repeat current rises rapidly 
to a maximum, and then, if the filament is not too bright, falls 
again. Hence when P, is fixed near the maximum, preferably on the 
negative side, very strong impulses applied in the control circuit produce 


no more effect than moderate impulses, and, therefore, all strays can be — 


reduced to a certain limit. 


Fria. 346.—Marcont Co. aNp SWANN’S X STOPPER. 


TYPICAL 5 TO 10 kW MARCONI STATIONS. . 


The standard 5kW Marconi wireless telegraph land installation is 
designed to have a working range under normal conditions of 400 nautical 
miles over water, this estimate being based on the assumption that the 
receiving station has an aerial system with an effective height not less 
than that of the installation transmitting, and that the wave-length 
employed at the latter station is the most efficient one possible. Tuning 
for transmission is provided for waves of 300 and 600 metres and for 
waves between 600 and’ 1,200 metres; tuning for receiving may be 
varied between 100 and 2,500 metres. 

The masts are built of steel sections as described on p. 137, and they are 
from 120 ft. to 250 ft. in height. The aerial is of the umbrella type, and 
consists of four vertical wires suspended from the main mast, each of 
which is joined at the top of two more wires stretched between the main 
and an extension mast. At the lower end the four vertical wires are 
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‘brought together to the leading-in insulator fixed to the power house. 
The earth connection, which is of the utmost importance, is secured by a 
number of galvanised iron plates of No. 24 gauge, which are buried on 
edge in the earth in two semicircles symmetrically arranged in regard to 
the central mast, each having a radius of about 40 ft. If the site is rocky, 
1t may be necessary to lay the plates flat. Each plate is connected by a 
wire to the centre of the semicircle. and cables are run from these centres 
into the power house. In some cases the plates may have to be supple- 
mented by a series of radial wires. 

Af the station is designed to be entirely self-contained, it is supplied 
with a prime mover,:a generator and a battery of accumulators ; but 
af a public supply is available a motor-alternator alone may be pro- 
wided. The prime mover is a vertical high-speed oil engine of 10 B.H.P., 


1g. 347:—Henicat TINDUCTANCE AS USED IN PRIMARY TRANSMITTING 
‘CIRCUIT, 


and is directly coupled toa 6 kW dynamo, giving a voltage of 110 to 160 
volts. The dynamo can be used to charge the accumulators, or to run 
the motor-alternator, as desired ; or the latter may be run by the accu- 
mulators direct. The motor-alternator runs at 2,100 revs. per min., and 
has a capacity of 5 kW at 300 volts and a frequency of 70. The battery 
of 60 accumulator cells is capable of a continuous run of four hours with 
‘the full load on the wireless plant, but owing to the necessarily intermit- 
tent character of telegraphic work this is equivalent to 12 hours of 
operation. : 

The transformer is of the single-phase iron-core type, oil cooled, with 
a capacity of 5 kVA at either 10,000 or 20,000 volts. The secondary 
coil is divided into two equal parts, so that it can supply energy at volt- 
ages suitable for transmitting with wave-lengths varying from 300 to 
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1,200 metres. Easy means are provided for varying the connection of 
these coils to parallel or series. 

The battery of condensers consists of eight units. These are of the 
independent whole glass-plate type, and each unit is contained in a 
galvanised iron tank completely filled with high flash-point insulating oil. 
The condensers are made of zinc sheets and glass plates supported in a 
cradle, so that the combination can be raised easily out of the tank should 
a glass plate break down during work (Fig. 317). Protective spark- 


points are fixed to enable the operator to hear at once if the potential 
across the condenser is greater than that for which it is designed, and to 
prevent failure should an abnormal strain be thrown upon the bank of 
condensers. A commutator with plugs is provided, so that the capacity 
ean be quickly changed to correspond with any particular wave which is 
desired. Further, there is a continuously adjustable inductance, in the 
form of a heavy copper helix, the contact to which can be altered in 
position by means of a screw having a pitch equal to that of the helix, as 
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MARCONI SYSTEM. 


seen in Fig. 347. The inductance of the high-frequency primary circuit 
is kept as low as possible, so as to permit of the greatest possible capacity 
being used for any given wave. 

The transmitting “‘jigger”’ or oscillation transformer has primary and 
secondary windings composed of independently insulated copper wire 
laid up so as to provide for equal distribution of-current throughout the 
component parts (p. 264). Connection is made from various points of the 
secondary winding to plug sockets, so that the aerial circuit may be tuned: 


Fic, 349.—A TypicaL Marcont 10 KW WIRELESS STATION (ATHENS). 


as desired. The coupling is varied by sliding the secondary over the- 


primary. Special tuning inductances are also provided, the winding of 
these being made of cable similar to that used in the secondary of the 
oscillation transformer. Tappings are taken from various points of this. 
inductance to plug sockets, so that the amount of inductance can be- 
readily varied, and the finer variation is secured by means of an auxiliary 
inductance. 

The general arrangement of the plant in a wireless station is illustrated: 
by Figs. 348 and 349. In Fig. 348 the alternator, which is belt-driven, is. 
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seen on the right, coupled by the insulating coupling A to the spark dis- 
charger B. In this instance the alternator is a rotary transformer so that 
it can be driven electrically at a later date, but for the moment it is belt- 
driven. The transformer is seen at C, and above this are the “ air chokes ” 
D. In front of the transformer is the signalling relay E, with two tubes 
F carrying the air blast for extinguishing the ares. Tn Fig. 349 the tuning 
inductance for the primary oscillation circuit is seen at G, and to the left 
of this is seen the plug commutator for the condensers K. The jigger or 
oscillation transformer is at H, and the aerial inductances at L. The 
flexible on the left goes to the aerial, and that on the right to the earth 
arrester, : 


RECENT STANDARD 2 KW SET OF THE AMERICAN MARCONI 
COMPANY. 
These sets were required to operate on a current furnished by the ship’s 
dynamo, and it was therefore necessary to use a motor-generator which 
would successfully operate on a direct current at voltages varying over 


Fie, 350. 


wide limits, and deliver a 500-cycle single-phase current. The following 
is a description of the novel points of the circuits used in these sets, and 
is taken from a Paper read by H. Shoemaker before the Institute of 
Radio Engineers :-— 


Radio-Frequency Circuits. 


The closed oscillating circuit consists of an inductance, a condenser and 
spark-gap which are connected in series. In these sets two types of 
spark-gaps are provided, either of which can be used as desired. A 
double-throw double-pole switch is provided, so that either spark-gap 
can be inserted in the circuit. One type of spark-gap used is known as 
the quenched gap. The other type is known as the rotary synchronous 
gap. In practice the quenched gap is used almost entirely, and the 
rotary gap merely serves as a spare. 

The condenser consists of six jars connected in parallel, each of capacity 
of 0:002uF. As it is desired to transmit three different wave-lengths— 
viz., 300, 450 and 600 metres—provision is made for connecting in the 
proper inductance to.produce these wave-lengths. The inductance o 
‘the circuit Consists of a copper strip wound in a spiral and mounted on a 
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bakelite dilecto plate. Taps at the proper points are provided which, in 
conjunction with a switch known as the primary wave changing switch, 
enables the wave-length of this circuit to be readily changed. As the 
capacity used is of too great a value to reach the 300-metre wave-length 
and still maintain sufficient inductance in the primary coil for coupling 
purposes, the wave-changing switch is so constructed that the capacity 
used on the 300-metre wave-length is reduced to 0-006uF. This requires 
only three jars, and, consequently, the power used at this wave-length 
is reduced to one-half, or 1 kW. 


Fig. 350 is the quenched gap, showing part in section. 

k and ¢ are the end plates. 

dd, &c., are bolts holding end and plates together. 

b is the clamp nut. 

ais a lock nut. 

ce are tubes of bakelite dilecto, which cover the clamp nuts, and serve 
to hold the plates in position. 

nn, &c., are the gaskets or separators which keep the plates the proper 
distance apart, and at the same time exclude the air from the sparking 
surface. 

hh, &c., are the spark plates which are made of copper. 

j is the sparking face of the spark-gap, which is made of pure copper, 
and carefully soldered to the larger plates. 

oo, &c., are the coupling flanges. 

ff are plates of insulating material, which insulate the end plates from 
the frame. 

p and q are the terminals which serve to connect the spark-gap in the 
closed oscillating circuit. ts : 

The secondary circuit consists of the aerial, the aerial inductance 
which is variable, the loading inductance, the wave-changing switch, the 
secondary, and the heating element of the radiation meter. These parts 
are all connected in series. A series condenser known as the short-wave 
condenser is provided for the purpdse of shortening the aerial circuit 
when its natural period is too high to operate on the 300-metre wave- 
length. 


Audio-Frequency Circuits. 


The transformer is of the closed core small-leakage type. The coils are 
placed inside an iron case, and the terminals are brought out through the 
top of thiscase. All the windings are immersed in an oil which is solid at 
ordinary temperatures. A safety gap'is provided to protect the second- 
ary against excessive potentials. This transformer is designed to operate 
with a total capacity of 0-012uF., giving one discharge per half-cycle, or 
1,000 discharges per second. When operating on the 300-metre wave- 
length and with a capacity of 0-006uF., it is necessary to use a reactance 
in series with the generator and transformer primary. This reactance 
is of such value that the two discharges per cycle are obtained. When 
operated on other wave-lengths, this reactance is automatically short- 


circuited by the wave-changing switch. . , 


Bo, 
4 


The motor-generator of this set was especially designed to operate 
under service conditions which, in most cases, require a motor that will 
run at practically constant speed with a voltage variation of from 95 to 
120 volts. This was accomplished by making the motor of such size 
that it would be operated with the field below saturation when operating 
on the highest voltage. The motor is also differentially compounded to 
ensure constant speed with varying load. In practice this motor showed a 
maximum speed variation of 5 per cent. with a variation of voltage from 
95 to 120. The variation of speed from no-load to full-load was within 
5 per cent. The speed of the motor can also be controlled over a limited 
range by means of a field rheostat, thus enabling the operator to get the 
proper speed for best tone. The generator is of the wound armature 
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type, having an open circuit voltage of approximately 350 and a load 
voltage of 140. The synchronous impedance of this machine was found 
to be approximately 17 ohms. The voltage of this generator is con- 
trolled within working range by a field rheostat, thus enabling the 
operator to adjust voltage for the best tone. The windings of both 
motor and generator are protected from radio frequency induction by 
means of condensers. Each terminal of a winding is grounded through a 
condenser. 

An automatic starter of the remote control type is provided, which 
enables the motor to be started and stopped either by means of the an- 
tenna switch or a separate control switch. A dynamic brake is also pro- 
vided, which quickly brings the motor to a stop when the control switch is 
open. With this type of starter the motor can be brought up to full 
speed in approximately 10 seconds, and completely brought to a stop in 
approximately 15 seconds. This starter is so designed as to operate 
with a voltage varying from 95 to 120. An overload relay is provided 


which opens the motor circuit when the current becomes excessive. This — 


relay automatically holds the circuit open until the control switch is 
-opened. When the control switch is again closed the overload relay 
automatically closes the motor-circuit, so that the motor will immediately 
start. In case of a short-circuit this overload relay will immediately 
open the circuit again. 

A switch is provided which, when opened, inserts a high resistance in 
the generator field. This reduces the voltage of the generator, so that 
the set can be operated with one gap of the quenched gap in the circuit. 
Under these conditions the set radiates about 10 watts. This arrange- 


ment was provided for the purpose of operating over short distances with: 


a minimum of interference. In practice it has been found that the sets 
will work easily 50 miles on this low power adjustment, and in some cases 
it has been reported that the sets have worked over 100 miles. For the 
purpose of signalling, a small hand key, known as the type “ C ” key, is 
used, and serves to open and close.the A.C. circuit. A switch known as 


the type ‘ 8.H.” antenna switch, is provided, which permits the operator _ 


to connect in the receiving circuits or transmitting circuits at will. When 
in the transmitting position it starts the motor-generator, closes the 
generator field, closes the A.C. line, and connects the antenna to the 
transmitter. It also, when in this position, protects the receiving cir- 
cuits. When in the receiving position the antenna is connected to the 
receiver, and the transmitter circuits are opened so that it is impossible 


to transmit. 


Receiving. 

The receiver used with these sets is of the coupled circuit type, and is 
known as the type ‘‘ 106” receiver. There are two circuits in this re- 
ceiver—the one circuit known as the open or antenna circuit, and the 
other as the closed tuned circuit. These two circuits are coupled induc- 
tively, and means are provided for varying the inductive relation of the 
two circuits. The primary circuit consists of the antenna, a loading coil, 
a primary coil, a series condenser, and a ground connection, all being 
connected in series. By means of a switch any amount of the loading 


coil in the primary can be thrown into circuit at will. This enables the - 


operator to adjust readily this circuit to the received signals. In case 
‘the wave-length of the received signal is shorter than the natural period 
of the antenna, the series condenser is thrown into the circuit. The 
secondary circuit consists of a secondary coil or inductance, which is 
movable with respect to the primary, in series with a variable condenser. 
A switch is provided which permits any amount of the secondary to be 
thrown into the circuit. The variable condenser permits adjustment for 
resonance with the primary circuit. By having both the inductan:es 
and capacity of this circuit variable, the ratio of capacity to inductance 
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can be varied while keeping the period of the circuit constant. This 
- enables the operator to obtain the best adjustment for operating the de- 
tector. The detector used in this receiver is of the crystal type. A 
battery and potentiometer are provided so that a crystal can be operated 
either with or without battery as desired. The detector circuit consists 
of the potentiometer, a stopping condenser and the telephones. The 
potentiometer and stopping condenser are connected in series with each 
other and in shunt to the variable condenser. The telephones are con- 
nected in shunt with the stopping condenser. A test circuit is provided 
which enables the operator to excite the antenna circuit at will, so that 
he can adjust the detector for maximum sentitiveness. 


Tuning.—Iin tuning the set, it is necessary to bear in mind the fact that 
a certain definite amount of inductance must be mcluded in the open 
radiating or aerial circuit to bring its period up to the required wave- 
length, and that the coupling between this circuit and the closed oscillat- 
ing circuit is obtained, not by varying the distance between the secondary 
and primary inductances, but by means of varying the amount of induc- 
tance in the secondary circuit in such a manner as to obtain the proper 
mutual inductance between the two circuits. When the inductance in 
the secondary circuit is varied the amount of inductance in the loading 
coils must be varied also to keep the total inductance constant. The 
primary inductance is made movable with respect to the secondary, so 
that the coupling can be varied within limits. The scale which indi- 
cates the coupling has a mark which indicates the normal setting for use 
with the quenched gap. The coupling can either be increased or de- 
creased from this normal setting. This is necessary for the tuning-up 
operation. 

In tuning 2 set the wave-changing switch is set to'the desired wave- 
length, say, 600 metres. An approximate setting is made by means of 
the adjustable contact on the secondary inductance. Another contact 
is made on the loading coil in such a. manner that the aerial circuit in- 
cludes a certain number of turns in the loading coil. The set is then 
operated, and the variable inductance in the aerial is varied while the 
indications on the radiation meter are noted.” If the amount of induc- 
tance is too small in the antenna circuit, then an increase of inductance .- 
will give an increased amount of current. If the inductance in the 
antenna circuit is too large, then an increase of inductance will give a 
decreased current in the antenna circuit. Inductance is thus adjusted 
until a maximum current is obtained, and at the same time the coupling 
is varied within limits; so that by means of varying the inductance in the 
antenna circuit and varying the coupling, a maximum current is ob- 
tained in that circuit. Now the position of the coupling indicator is 
noted. If the coupling is less than the normal amount it indicates that 
there is too much inductance in the secondary, If it is greater than the 
normal amount it indicates that there is too small an amount of induc- 
tance in the secondary. The amountof inductance in the secondary is 
then either increased or decreased as desired, and the amount in 
the loading coil is varied accordingly, so as to keep the total amount 
equal, The exact amount is generally obtained by two or three 
trials. The 450 and 309-metre wave-lengths are adjusted in the same 
manner. 

In tuning up the sets it is generally advisable to use low power—that 
is, adjust the set so that it operates with two or three plates in the 
quenched gap. 

It is interesting to note that if a ship be tuned while in dock and then 
goes out to sea, the change in antenna current may be an ampere or an 
ampere and a half. While this would not interfere with the working of 
the set to any marked extent, it might be desirable to bring the radiation 
back to full value and this can readily be done by the use.of the compen- 
sating inductance mentioned, 
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QUARTER KILOWATT MARCONI SET. 


The design of a+ kW. imstallation suitable as an emergency set for large 
vessels is shown in Figs. 351, 352, 353 and 354. 

The range of the wave-length is 300/€00 metres, and the whole of the 
transmitting apparatus, including the motor alternator, is mounted in a 
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Hic. 351.—] KW. CaBINET SET wiTH RECEIVER. 
1. Rec. A.T.1. 8. Hand Key. 15. Transformer. 
2. Receiver. , 9. Resting Bars. 16. Short-Wave Condenser. 
3.- Buzzer. 10. Drawer. 17.. Tuning Lamp. 
4, Buzzer Key. 11. Jigger Secondary. 18. Motor. 
5; Fuses. 12. Jigger Primary. 19, Alternator. ‘ 
6. D.P. Switch. 13. Condensers. 20. Discharge... % 
7. Starter: 14. Choke Coils. 21. Guard Lamps. ; 
| A 
“ = 
cabinet 27 in. high by 26 in. wide by 17 in. deep when closed. The ! 
front of the cabinet is fitted with removable panels, the manipulating 
key and controlling switchgear being outside. Current from a storage 4 
battery is led through the switchgear of the motor alternator, which con- 4 
sists of a D.C. motor directly coupled to a 250 W generator, which 4 
400 ; 
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-MARCONI SYSTEM. 


supplies A.C. at a pressure of 110 V and a frequency of 300 « when 
running at a speed of 3,000 revs. per min. 

The transformer is of the air-cooled closed circuit type, rais rg the 
pressure from 110 V to 5,700 V. The condenser bank is of glass tubes 
-coated with copper inside and out. The disc discharger is insulated and 
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Fie. 352.—} KW. Motor ALTERNATOR Disc CABINET SET. 


synchronous, and is mounted on the alternator shaft. The spark fre- 
quency is 600 per second. 

The primary of the jigger is a flat spiral with movable clip connectors. 
The secondary is a number of flat spiral units connected by flexible cables. 
The coupling is varied by the alteration of the angle between the flat 
spirals, The storage battery is 30 special ship type 80 ampere-hour 
cells. Crystal receivers are supplied with the set. a 
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TELEFUNKEN SYSTEM. 


THE TELEFUNKEN SYSTEM. 

_ In this system the quenched-spark method of excitation is em- 
ployed, and the primary energy is supplied in the form of alternating 
current of rather high acoustic frequency, giving about 1,000 sparks 

_ per second. ‘ The patents are owned by the Gesellschaft fiir Drahtlose 
Telegraphie, and the British rights have been acquired by Messrs. 

“Siemens Bros. & Co. +: 

Only one wave is generated in the antenna, and it is claimed that 
overall efficiencies of 50 to 75 per cent. can be reached between the 


Fia. 355.—ExciraTion Circuit, 


primary of the transformer and the antenna. Since the spark fre- 
quency is high, a large radiation rate can be reached with low con- 
denser and antenna voltages as compared with some other systems, or 
with relatively smaller condenser and antenna with the same. insula- 


:tion. Another advantage claimed by the manufacturers is that the 


‘spark is almost noiseless. The ranges by day guaranteed by the 
makers are as follows :— ne 


Primary powerin kW....| 03 | O4 | 10 | 15 | 5 kW 
| He eNO 


“Range by day (miles)... 45-90 | 95-185 125-250 | 185-820 280-550 
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The range depends, of course, on the height of mast and type of 
antenna adoptcd. The figures given apply to existing ships’ antenna. 


TYPICAL 5 kW TELEFUNKEN SET. 


This station has been designed with a view to making it equally 
suitable for use either as a land station or on board ship. Thanks to 
simplicity of arrangement of the various parts, the station is extremely 
‘easy to operate, and, as it has a long range, requires comparatively little 
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energy and occupies comparatively little space. As a ship’s station, this 


type is chiefly used for large passenger and cargo steamers. Two masts 
about 110-120 ft. high are required. This set is also suitable for use as a 
coast station which has to communicate with ships up to a distance of 
about 900 miles at night. 


Source of Energy. 


Where there is an electric installation, the requisite high-pitched 
alternating current is provided by a motor-generator set consisting 
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of a direct-current motor of about 8-9 u.p. driving an alter- 
nating-current generator of 5 kW output, 500 frequency at 220 volts. 
The normal speed of the set is 3,000 revs. per min. For the purpose of 


adjusting the pitch of the transmitted signals, the frequency of the- 


generator can be varied from about 460-650 cycles per second. An 
adjustable resistance serves to regulate the excitation of the generator ; 


by this means the tone of the transmitted signals can be adjusted until it 
is a pure musical note. 

Where there is no existing electric installation, a petrol or oil engine of 
about 8 u.p. can be employed for driving the high-frequency generator, 
Or a complete direct-current generating plant consisting of petrol or oil 
engine (10 u.p.) charging dynamo (7 kW) and accumulator battery may 
be provided. The dynamo and battery should be so designed that either 
can provide the whole of the energy for the station for a short time, 
although as a rule they work in parallel. 
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Transmitter. ied 
The stations are capable of giving wave-lengths from 300.to 
2,000: metres, and when intended for public telegraph service they are 
equipped for,the four standard wave-lengths 300, 450, 600 and 900 metres... 
If required, the station can also be equipped for the wave-lengths 1,20," 
1,600 and 1,900, but wave-lengths above 1,900 metres can be provided. 


Antenna. eer . 

For ship installations this generally takes the form of a T antenna, 
whichis stretched between two masts about 100-120 ft. high, the 
masts being spaced about 300 ft. apart. For land stations where this 
‘arrangement is not possible, the antenna can be supported by one mast 
200 ft. high, provided ground space is available equal in extent toa circle 
of about 800 ft. in diameter. The antenna is tuned to the exact wave- 
length required merely by setting two movable coils which lie between 
three fixed coils. Figs. 355 and 356 show the excitation and tuning circuits. 


Receiver. ' 
The receiver is an aural receiver with contact detector, and is 
capable of receiving wave-lengths of 200-4,000 metres. It is provided 
with a multiple switch for altering the connections from the transmitting 
position to the receiving position and at the same time interrupting the 
generator current circuit. 


The guaranteed ranges with this set for favourable wave-lengths aré 
as follows :— 


Ship Installations : By Day. By Night. 
With two masts, each 100 ft. high...... 280 miles. ... 550 miles. 
The masts being from 14 to twice their height apart. 
Land Installations, with masts as above described : 


By Day. By Night. 
(GL) “Over sed ce co cnrvarsuecmos see Meer ss 470 miles. ... 950 miles. 
(2) Over flatland...... 5.00. ss: coe seecoweene S00: a5; ate "AAO as 


An emergency battery of accumulators and controlling switchboard 
can be fitted, enabling transmission to take place when the dynamos are 
not running. : 


The arrangement of the plant in a large ship station is shown in Fig. 357. 


THE HIGH-POWER TELEFUNKEN STATION AT SAYVILLE, 
LONG ISLAND. . 


This station is for commercial Atlantic work. A description was 
communicated by Van der Woude and A. E. Seelig to the Institute 
of Radio Engineers, New York, and from this the following is 
abstracted :— 


The Mast is a steel lattice of triangular section, 150 metres (500 ft.) 
high, with a ball and socket joint at the bottom and with one about 
three-quarters the way up. This type of mast is much used by the 
Telefunken Company, and more than 20 have been erected. The mast 
is insulated from the ground by a large glass insulator, and it is guyed. 
by linked steel rods carried to two sets of three concrete and brick 
anchorages, one set spaced on a circle of 235 ft. radius and the other on a 
circle of 430 ft. radius. Heavy glass insulators are provided at the bottom 
ofeach guy. (See Fig. 64, p. 140.) 

“ The Antenna is a 12-wire umbrella divided into two groups of six. 
Each antenna wire has a separate vertical lead. The outer end of each 
‘antenna wire is tied to a large bell-shaped insulator attached to a steel wire 
rope. These ropes are attached to the mast at the top and to wooden 
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poles, about 30 ft. high, at the bottom, The poles form a circle of apr 
proximately 2,300 ft. diameter, The steel ropes are sub-divided into six 
sections by porcelain insulators of the egg type. . The antenna wires and 
the vertical leads are of hard-drawn copper. 

‘The capacity of the antenna is about 10,000 cm. and the natural wave- 
length 1,800 metres. When tuned to 3,000 metres the antenna resistance 
is 3 ohms. . 

‘Instead of an earth a counterpoise network is used consisting of 56 
wires about 16 ft. above the ground, radiating from a centre for a dis- 
tance of about 1,000 ft. The antenna, the counterpoise and the mast 
itself are provided separately with lightning switches for connecting 
them to earth during storms. ‘ 

The source. of.power is the network of the Long Island Lighting Co., 
who supply 2,300 volts at 60 cycles. This is stepped down to 440 volts 
before entering the station building, where it drives the main motor- 
generator charging set. This set, made by the General Electric Co., 
consists of an induction motor driving a 220-volt direct-current generator, 
which charges the 600 ampere-hour storage battery. From this battery 
the entire station draws its current. The battery current may be 
utilised to feed two different 500 cycle motor-generator sets, one with a 
motor of 75 u.P., the other with a motor of approximately 15 H.P. 
The smaller set is used for ship and shore communication. The voltages 
of the large generator are 600 on open and 350 on closed circuit. It is 
of the special inductor type developed at Nauen, and its efficiency is 
about 80 per cent. The power factor is 0-8 at full load. 

The generator room is separated from the transmission room by a 
control room, the partitions being largely of glass, so that the electrician 
in charge is enabled to see both the generating and transmitting equip- 
ment. The transmitting equipment takes 60 kVA 500-cycle single- 
phase current from the high-power generator. The main transformer 
raises the voltage to about 60,000. A simple hand and solenoid switch- 
ing device placed between the generator and the transformer when opened 
disconnects the transformer and the entire transmitting apparatus 
without stopping the generator or reducing its field. The high-voltage 
secondary of the transformer feeds the primary oscillating circuit through 
a series choke coil, which protects the transformer from the oscillations 
in the high-frequency circuit. The capacity of the primary circuit is 
made up of Leyden-jars arranged in five groups, partly in series and partly 
in parallel, the capacity of each jar being 10,000 em, and the total 
capacity of the battery 40,000 cm. They are of the standard Telefunken 
_ type—that is to say, long and narrow, with tinfoil coverings on glass 
fin. thick. At full load about 40 kW are drawn from the transformer. 
The discharge takes place through 40 or 50 quenched spark-gaps in series. 
The gaps are held in eight frames arranged on a stand, and a motor- 
driven blower is provided for cooling; the distance between plates of 
each gap is about 0-1 mm. to0-2mm. The plates are of the ribbed type, 
having four or five concentric circular ribs. | 

The primary inductance is coupled in part conductively and in part 
inductively with the inductance of the antenna circuit. The coupling 
is variable, the adjustment being operated directly from the control room 
by a hand wheel and a system of sprockets, chains and levers. The 
antenna current is about 120 amperes when the power supplied to it is 
30 kW to 35 kW. The efficiency between generator and antenna is 
estimated at from 75 to 80 per cent. : 

Operating.—The transmitting key operates a relay for making and 
breaking the transformer primary circuit. The main relay is installed 
in duplicate. Each of them has eight contacts cooled by an electric fan. 
The 220-volt battery current is used to energise the coils of the relays and 
other automatic control devices. At each switch over from sending to 
receiving a large number of operations must be performed.. Provision 
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must be made that when the antenna is connected for receiving sparking 
is impossible, even by the operator closing his key. Again, if the small 
set is working, the high-power apparatus must be entirely disconnected, 
and vice versa, without necessarily stopping the generators. In changing 
over from receiving to sending, it is necessary to disconnect the receiver, to 
transfer the antenna connection from receiver to transmitter, and to close 
the relay contacts which are on the transformer supply circuit. In order 
to perform all these functions successfully, about 100 wires were laid 
between the two rooms. The automatic antenna switch, worked by the 
operator’s foot, accomplishes most of these things. Each successive 
pressure alternately switches the antenna‘from the receiving to the trans- 
mitting circuit and vice versa. The operating room is separated from the 
rest of the station by sound-proof walls and doubledoors, The receiving 
apparatus and transmitting keys are mounted on desk-like tables, and in 
order to avoid confusion all the apparatus handled, such as keys, switches, 


Fig. 358.—SuHowine GAPS AND JARS. 


levers, knobs and plugs, have been painted either red or white, according 
as they belong to the high-power set or the smaller set. 

The Receiving Apparatus is of the standard Telefunken upright type. 
An interesting part of the plant is that for diplex reception. A simple 
device alternately connects first one and then the other receiver to the 
antenna at a high frequency, so that each receiver is in circuit three or 
four times during the making of a Morse sign. With a little care this 
device is easily arranged to receive simultaneously three messages on 
different wave-lengths. |The Telefunken sound intensifier is also installed. 
This is a resonance microphone relay (see p.325). By means of several 
intensifiers in tandem a detector current of 10 milliamperes can be increased 
to one of 10 amperes or more. Besides intensifying, the use of this 
apparatus increases the selectivity by its utilisation of acoustic resonance. 

The station is provided with automatic transmitters utilising punched 
tape. Press messages from Sayville despatched at nine o’clock 
Reply evening have been received at Gibraltar, a distance of 3,200 
miles 

Fig. 358 shows the gaps and jars as well as a smaller set to the right. 
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-Bince the above was written, Sayville station has been equipped 
with continuous-wave plant, like Nauen, comprising an inductor 
alternator of medium frequency and frequency changers (see below). 
At Nauen an inductor alternator generates 250 kW at a frequency 
of 8,000 cycles per second, and this is stepped up by two or three 
Joly’s doublers in tandem. The power delivered to the antenna 
(which is nearly 1,000 ft. high) is about 100 kW, the current being 
120A. Sending is carried out by aid of a mock antenna for spaces. 
For reception a beat method is used (see p. 305). 


Continuous-Wave Plant. 

A description of the continuous-wave methods applied in long-wave 
stations appears in U.K. Patent Specification 29,946/1913. They may 
be described as consisting of the application of frequency doublers in 
cascade to the current generated by a high-frequency alternator. 


Hicu- FREQUENCY ALTERNATOR. 

The machine is of inductor type, and is shown in Fig. 359. The rotor 3 
is a double iron wheel, with teeth 4. The stator is in two parts, 5,6, and 
the flux passes across the narrow air-gap between stator and rotor in the 


SEU 


—— 
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Fic, 359. 


directions 5 to 3, and then 3 to 6. The windings, therefore, follow the 
scheme shown in. Fig. 359, and are preferably connected in parallel, as 
indicated, to reduce the inductance of the machine, and the P.D. between 
windings andframe. Better still is the series parallel arrangement of the 
samo figure, for here the equalising currents bound to arise between two 
long windings are greatly diminished by breaking the windings into smaller 
portions, and, besides, the condensers 9 reduce the P.D. between windings 
and frame. It is stated that on heavy load the stator should be water 
cooled, since air cooling is nullified by the atmospheric friction occurring 
at high speeds. 


FREQUENCY RAISERS. 

The stationary frequency transformers A, B, C in Fig. 3€0 are placed 
between the radio frequency genezetor 1 and the antenna 2 in cascade ; 
each includes one or more unsymmetrical impedances 10 or 11, each of 
which contains a ring-shaped core, made up of thin insulated laminations 
without butt joints. Higher frequencies require thinner laminations. 

In the design shown in the figure the cores 10, 11 are wound in the 
same sense by the primaries 14, 16, in opposite senses by the secondaries 
15, 17, and also by the direct current coils 18, 19. The primaries could 
be connected in parallel if desired. Tuning is effected by inductances 22, 
24 and condensers 23, 25. . 
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These unsymmetrical impedances, since they have the unidirectional 
property of a valve, may be arranged in the valve designs of p. 239, 

The action of the transformers has been explained on p. 233.  Alter- 
nating current of double frequency is generated in windings 18, 19, and 
this current is prevented from traversing the direct-current generator 21 
by the choking coils 20. These are preferably provided with an open. 
core of iron wire. In order to keep the potential induced in the windings 
18, 19, as low as possible, it is advisable, especially at rather large out- 
puts, to divide the windings of these coils into groups, and to feed these 
in parallel. In this case it would be convenient.to use a low voltage 
generator 21 as the source of current for the auxiliary magnetisation 
current. For several frequency transformers in series, either a common . 
generator 21 may be taken (Fig. 3€0) orseveral separate. generators. The 
action of such unsymmetrical impedances will be greater the smaller the 
magnetic leakage and the losses in the iron and copper, and attention is 
directed to the form of the core and also the uniform distribution of all 
windings over its wholelength. Forrather large outputs it is preferable to 
build up the closed iron core of insulated lamine, and to arrange the 


Fic, 360. 


windings in such manner that there are spaces between the layers and 
windings. The whole apparatus may then be conveniently placed in oil. 
In this apparatus, the best valve action (and thus the best conditions for 
frequency transformation) is attained when the effective (R.M.S.) 
ampere-turns of the high-frequency current are approximately equal to 
the ampere-turns of the direct current ; they should be at most 20 per 
cent. higher. 

A further possibility of increasing the frequency in several stages with 
few units is afforded by the fact that each unit can be used more than 
once. This is effected by leading back the secondary current of a unit to 
the primary of one of the preceding units. This is shown in Fig. 361, 
taking as a basis the arrangement of Fig. 3£0,but only considering two units. 
A and B. The secondary windings 15, 17, of the unit B are back-con; 
nected by 46 with the primary windings 14, 16, of the unit A; therefore, 
after the frequency of the machine 1 has first been doubled by the unit A, 
it is then doubled by the unit B, redoubled by the unit A, and from the 
secondary windings of this unit the current is once more led to the unit B, 
finally reaching the antenna with a frequency 16 times that of the funda- 
mental frequency. Since the circuit 27 carries currents of different fre- 
quency, it is necessary to tune it to these different frequencies. _ For 
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tuning to the double frequency the adjusting means 22, 23, are employed, 
and for tuning to the eight-fold frequency 47, 48.are used. hii 
Keying. | rele: ! age 


) 


Unsymmetrical impedances can be used for tuning and detuning & 
circuit—e.g., the antenna—and hence for producing variations at will in 


OO8H 


Fic. 361. 


the emitted radiation. Large variations can be eaused by relatively 
small changes in the magnetic saturation produced by changes in the 
direct current, if full advantage is taken of the steep slope of one side of 
the resonance curve. Such an arrangement is shown in Fig. 362. The 
windings 18, 19 magnetise the iron to such an extent that the antenna 
circuit 2, 15, 17 is not quite in resonance. Auxiliary windings 73, 74, 


Kies 36280 Fic. 363. 


with a separate source of current 75 and signalling key 66, are arranged to 
raise the magnetisation and bring the antenna circuit into resonance 
when the key is depressed. ‘© ~~. ‘idle! 

Another way of using unsymmetrical impedances is shown in Fig. 363, 
where the design aims at keeping the load on the inductor alternator con- 
stant whether the key is up or down. - Here there is a dumb antenna 70, 
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71, 59—the last being a non-inductive resistance of abont the magnitude 
of the antenna resistance. When the key is depressed the antenna 2 
and the rest of the system come into tune, when it is raised the dumb 
antenna comes into tune. Other methods of control are proposed in 
U.K. 29,946/1913. 


THE FEDERAL-POULSEN SYSTEM. 


This system uses, for radio transmission, undamped or con- 
tinuous electromagnetic waves, as distinguished from the damped 
waves produced by the 
discharge of a con- 
denser across a spark- 
gap. According to the 
experiments of Fuller 
and of Austin, the 
daylight absorption for 
waves longer than3,000 
metres is less with 
undamped than with 
damped waves (see p. Power Leads 
153); this should give 
continuous waves an 
advantage during 
transmission over great 
distances, where long 
waves are desirable. 

_ The Poulsen arc (see — 
p. 216) is used. The 


Earth — 


f-equency of the oscil- : La 
lations is controlled Fic. 364.—FEDERAL-PouLsEN ARC 
mainly by the capacity CoNNECTIONS. 


and inductance of the 
shunt circuit. When this latter consists of an antenna and earth 
or counterpoise (sce Fig. 364), contmuous waves are radiated. 

The Federal Telegraph Co. of America has developed this method 
of radio-transmission and has in commercial operation, day and night, 
stations at Honolulu, San Francisco and other points. The distance 
from Honolulu to San Francisco is 2,100 nautical miles, and the 
100 KW equipment of these stations is similar to that installed for 
the United States Government by this company at Darien (see below), 
in the Panama Canal zone, for the Navy Department. 

Other stations, such as the Navy Department is placing at Boston, 
Mass., Pt. Isabel, Texas, New Orleans, La., Guantanamo, Cuba, and 
the Great Lakes, use 30 kW sets; while 12 kW and 5 kW sets are 
made for ships and smaller land stations. 


TYPICAL FEDERAL-POULSEN 100 kW SET. 
The Antenna. | 
The antenna at South San Francisco is supported by threé 
guyed wooden towers, placed in a triangle, one of 608 ft. 


and two of 440 ft. in height, and is of the flat top type. Its capacity 
is 0-0:0uF, its natural wave-length 2,300 metres, and its effective 


height approximately 425 ft. The insulation of the antenna from. 
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the masts, and also that of the guys (which are insulated every 100 ft. 


of length), is composed either of long wooden breaks or, in the case 
of the 608 ft. mast, of stone cubes,.10 in. by 10 in. by 10 i in. Fig. 365 


shows the 608 ft. mast at South San Francisco. ; 


The Earth is a radial network of wire extending beyond the pro- 
tected area of the antenna on the ground. 


Helix, Wave Changing! Switches, &ec. 


The antenna lead is brought with suitable insulation toa switch for 
transferring the antenna from the sending to the receiving ci cuits. 
The sending inductance is a helix of 1 in. copper tubing, 52 ia, in dia- 
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meter, and, in the ease of the Darien installation, 16 ft. 6 in. long. Fig. 
366 shows the helix for the Darien station. Nocondensers are used. 
The cathode terminal of the are being earthed (Fig. 364), the anode 
is connected through a hot-wire ammeter to a number of wave- 


Fria. 366.—Tunine INDUCTANCE FOR SENDING. 


changing switches. Any one of these may be made to engage clips 
connected to points on the helix, giving, according to the number of 
turns utilised, a great range of wave lengths. 

The antenna transfer and wave-changing switches are shown in 
Fig. 367 when under construction for the Darien station. 


Fic. 367.—WAVE-CHANGING SWITCHES (UNDER CONSTRUCTION). 


Sending Keys. Hot GAS. oT eee 
In this system the oscillations in the antenna are continuously 
pzoduced by the arc, therefore the signals are not made by 
‘completely breaking this oscillatory circuit, but by making a small 
change in wave-length. ‘This change is made by short-cireuiting 
-part of the transmitting inductance by means of a multiple contact, 
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solenoid operated, relay. key of robust construction, capable of 
handling the heavy currents that. have to be broken. The contacts 


‘Fie. 368.—100 KW FEDERAL-POULSEN ARC AND SIGNALLING Kry. 


_ are cooled by an air blast. The current in the key solenoid is made 
and broken by a “key controller.” This consists of two copper 
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contacts in a sound-proof chamber, operated in a magneti¢ field in 
order to reduce arcing between them. One contact is moved by a 
second, exterior, solenoid, and this, in turn, by a small current and 
an ordinary Morse telegraph key. The speed obtainable with this 
relay key is greater than that of the fastest hand sending. Fig. 368 
shows views of the Darien 100 kW key, with blower for cooling and 
controller. The 30 kW key used by the Navy and in the Company’s 
stations requires no cooling or relay controller, its solenoid being 
operated directly by a Morse key. 
If it be desired to render signals audible on ordinary “ spark ”’ 
receiving apparatus, using crystal detectors and the like, a “ chopper” 
is inserted in the key-antenna circuit, this being merely a rotary 
means of changing the continuous oscillations into wave trains of 
audible frequency. A 30 kW chopper is illustrated in Fig. 369. 


The Are. 


The arc itself is maintained in a water-cooled, air-tight chamber, 
within a strong magnetic field and in an atmosphere of hydrogen 
vapour. The photographs (Figs. 370 and 371) show the Panama 


Fic. 369.—ConTINUOUS-WAVE CHOPPER. 


100 kW are, and illustrate the methcd of mounting, the field coils, 
water cooling and other connections, the remote-control motors, 
&c. Means are provided, either by a spring lid or a poppet valve in 
the chamber, for releasing any undue pressure caused by striking the 
are in an explosive mixture of air and hydrocarbons. The cathode 
electrode is of carbon, readily replaceable, and is rotated constantly 
while the arc is in operation, in order to keep its erosion even and the 
are steady. The distance between it and the ancde is regulated 
either by hand or motor control. The anode is of copper, water- 
cooled, both it and the cathode being suitably insulated from the are 
chamber. The hydrogenous atmosphere is supplied by introducing 


into the chamber ordinary illuminating gas, alcohol, ether, water, — 


steam or other compounds containing hydrogen, 

Projecting through the sides of the chamber are the poles of two 
powerful electromagnets, in the field of which the arc is maintained 
These are connected, vither in series or parallel, to the power supply 
to the arc, usually 600 volts direct current. 

Fig. 372 is a typical wiring diagram of the transmitting apparatus 
and power circuits. It should be noted that choke coils are inserted 
in the power leads to protect the latter from high-frequency current. 
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F1r3. 370.—100 KW Arc. _, 
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A starting resistance is provided to take care of the momentary 
short-circuiting of the power line caused by striking the arc. This. 
resistance is rapidly cut out when the arc is established. The same 
result may be accomplished by striking the are at a low voltage and 
Taising the same subsequently to fullf value. (Note: operator’s. 
auxiliary field rheostat, Fig. 372.) 


Fic. 373.—FEDERAL-PoOULSEN OPERATING Room, 


In practice, in the case of the 100 kW arc, the operations of turning: 
on or off of cooling water, gas or alcohol, of starting and stopping the 
carbon drive, blower, ticker motors, &c., are all done automatically 
upon starting and stopping the arc, the latter being struck and its 
length adjusted by remote control also. The operating room is 
usually entirely separate from that containing the arc and accessories. 
Fig. 373 shows a typical operator’s switchboard and table, with in- 
struments, receiving cabinets, wave-changing cords, &c. 
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The undamped high-frequency current is not dangerous physiolo- 
gically unless the wave-length be greater than about 3,000 metres. 
Above this, care should be used not to take the current through the 


body. 
\ 
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Fic. 374.—-CoNNECTIONS FOR RECEIVING. 
Receiving. 


In receiving, owing to the accurate tuning obtainable with un- 
damped. waves, a very loose-coupled (and, therefore, highly selective) 
circuit is used, such as shown diagrammatically in Figs. 374, 375 
and (376. Fig. 374 is a general scheme of receiving circuit, and 
Figs. 375 and 376 are the wiring diagrams of the Darien receiving 
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Fie. 375.—WIRING DIAGRAM, RECEPTION OF LONG WAVES, : 


capinets, the first showing wave-length changes made by variometer 
and used to receive long waves, the second showing these changes 
made by condensers aud adapted to sho7t wave receiving. 

The Federal-Poulsen ticker, the device rendering audible in the 
telephone undamped osciliations received by the antenna, is shown 
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diagramatically in Fig. 877 It consists of a revolving brass disc 
upon which a fine steel wire lightly rubs. It is very sensitive, the 
received watts in the antenna necessary for unit audibility (or where 
‘the dots and dashes of signals can just be differentiated) being 
3:2 xX 10-'° watts. Metals other than brass and steel may. be used. 
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Fie. 376.—Wirina DIAGRAM, RECEPTION OF SHORT WAVES. 


The brush must be so adjusted that the wire ends are bent away 
from the ticker disc (see Fig. 377), otherwise the disc will wear rapidly. 
Keep the brush well lubricated with oil, but do not permit oil to 
reach the ticker wire or its groove. This wire and groove must be 
kept absolutely clean. The free end of the ticker wire should not be 
less than lin. in length. Adjust the p-essure of the wire against the 
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Connect to one side of the Connect to telephones and one 
variable condenser. . side of fixed condenser. 


Fra. 377.—Rorary TICKER. 


disc until the best signals are obtained. The disc should rotate in the 
direction incica‘cd in the sketch. To prevent certain static troubles 
earth the motor frame. ‘The ticker is a sensitive detector for re- 
ception of either damped wave trains or undamped oscillations. It 
may be connected in circuit in exactly the same way as any crystal 
detector. The note hea:d when using the ticker is that due to the ticker 
itself, and is practically of the same quality for all classes of radiation. 
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SYSTEM “A ONDE UNIQUE” OF THE SOCIETE 
FRANCAISE RADIO-TELEGRAPHIQUE. 


SENDING PLANT. 


The method employed by this company is, in respect of the use of 
resonance transformers, the same as that at the Hiffel Tower. Special 
(Béthénod) alternators are used. The alternator inductance, along 
with that of the transformer, is arranged so that resonance is obtained 
by the short-circuiting of a resistance, and it is this short-circuiting 


hak 4 in 
Fic. 378.—OsciLLATInG CIRCUITS OF THE SocrmTE FRANCAISE 
et 
RaADIO-TELEGRAPHIQUE. 


that is effected by the operator’s key, the circuit being thrown into 
Tesonance when a signal is desired (see Fig. 382 of Eiffel Tower 
station). By adjusting the constants of the circuit the spark-rate 
can be varied over a considerable range (see p. 104). For ex- 
ample, with an alternator giving a frequency of 1,000, the frequency 
-of the spark can be varied from 2,000 to 200. It is claimed that the 
method is simple and that the specific output of the alternator is 
high; an alternator giving 600 watts in the high-tension circuit 
weighs, with its exciter, 30 kg. and one for 1,200 watts weighs 50 kg. 
‘The electrodes consist of a plate and a tube at right angles to it, air 
being forced through the tube on to the plate (see p. 188). 
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One of the essential points of the system is what is termed a single- 
wave oscillator. It is well known that the ordinary methods of 
coupling give rise to two waves in the antenna, and that these can 
only be made identical by weakening the coupling to an extent some- 
times impracticable. This oscillator has the primary and secondary 
windings set at right angles to each other, as seen in the illustration, 
Fig. 378 Cou>li g is effected by an intermediate circuit. It is 
claimed that by this arrangement the whole system oscillates with 
a single fre quency whatever the degree of coupling. The following 
account is extracted from patent specification No. 11.703 of 1912:— 


Fic. 379.—InpirEct Coupiina, ‘‘ ONDE UNIQUE.” 


The method of mounting which is contemplated by the present 
invention enables the defect of double wavedness to be avoided. As 
shown by way of example in Fig. 379, itconsists incoupling the primary 
energising circuit I,formed by C,L,, and the external circuit II, formed 
by C,L,, by the intermediary of a third circuit, III, possessing no 
capacity and arranged in such a manner that the circuits I and II do not 
present any direct mutual induction. In these conditions, if the circuits 
T and II, considered separately, possess the same natural frequency of 
oscillation Q/27, it is demonstrable that the complete system always 
possesses a single natural angular velocity which, if the coupling coefficients 
between I and III on the one hand, and between II and III on the other, 
are designated by k, and k,, is given by the formula 

Q 


BLA De Ee 
Tt will be seen that the method of mounting suggested is different from 
that devised by Stone, in which the circuit IIT also contains a condenser. 


J i 
Fie. 380.—Drrect Coupiine, “ ONDE UNIQUE.”’ 


Assuming that the three circuits have then the same period of oscillation, 
the following value is obtained for Stone’s mounting : 


Q 


(0 li ae se Pe 
Vit ket ky 
which indicates two natural periods of oscillation of the system. 

It will, of course, be understood that in radio-telegraphic stations the 
antenna constitutes one of the oscillating circuits. 

Direct coupling is as shown in Fig. 380; in this figure the coupling 
between I and III is effected by the self-induction coils L and L’, which 
together constitute the intermediate circuit III without condenser, 
Fig. 381, which represents the arrangement actually employed in practice, 
is essentially the same as Fig. 380. 
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The possibility of obtaining a single wave by this method has been dis- 
cussed theoretically by G. W. O. Howe, Béthénod, A. Kalahne and B. 
Macku. The principal conclusions of the three last named appear to be 
. that a single wave is theoretically possible, that it can be obtained prac- 
tically by the circuits of Girardeau, and that there are certain conditions 
to be fulfilled by the inductance, capacity and coupling of the circuits. 
According to Kalahne, this adjustment for a single wave possesses no 
advantages over ordinary coupled circuits, but according to Macku it is 


_more efficient and gives sharper tuning than the ordinary arrangement if . 


the ratio of the decrements of the uncoupled circuits is greater than 2. 


Station Equipment. 

The marine stations of the Société Francaise Radio-Télégraphique 
are of some interest. The erergy for working the station is supplied 
from a converter group, one part of which consists of ashunt-wound 
continuous-current motor driving a Béthénod alternator through a 
direct coupling. This alternator supplies low. voltage current at a 
frequency of 1,000, its excitation being controlled by a rheostat. The 
self-induction of the field is such that the excitation can be varied for 


Antenna 


Mille 
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Fira. 381.—CoNnNECTIONS FOR SENDING, “‘ ONDE UNIQUE.” 


signalling, thus giving, it is claimed, very great safety and simplicity. 
The high frequency employed allows a very pure musical note to be 
used, while the note obtained is variable within the limits of at least 
an octave by simply changing the resistance connected in series 
with the field. The marble switchboard contains all the necessary 
measuring apparatus for the alternator as well as a quick-break 
double-pole switch in the alternator circuit. At a convenient dis- 
tance from the alternator are placed a rheostat for starting the 
machine and also a field rheostat which allows speed variation of 
plus or minus 10 per cent. to be obtained. Sending is effected by a 
Morse key of small dimensiors ir the exciting circuit of the alternator. 

‘The current supplied by the alternator passes directly to a Blondel- 
Béthénod transformer with air insulation, the secondary and primary 
of which are connected to several terminals, thus allowing different 
‘ratios of transformation to be obtained. The auxiliary set, which 
it is necessary that every ship should carry in accordance with the 
provisions of the London Convention, consists in this case of a set 
with a range of about 100 km. This set has a capacity of 50 watts, 
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EIFFEL TOWER STATION. 


and is installed close to the standard set, the change from one to the 


other being made very rapidly by a simple displacement of the 
antenna switch. The energy necessary for working this station is 
obtained from a battery of accumulators giving current at a pressure 


of 20 volts, and having a capacity of 20 ampere-hours. This battery 


ensures the operation of the station for eight hours, and can be easily 
charged from the sets on board. 

The receiving apparatus presents few special features. Contact 
detectors are usually employed. 


THE EIFFEL TOWER STATION. 


Dealing first with the main equipment of 60 kW (which may rise 
to 80kW), Fig. 382 shows the main connections in the French 
State radio station at the Eiffel Tower in Paris. Current is taken 


Mains / 


R=resistance, Srelay switch, T= transformer, L,=Frimary inductance, 
Ly=inductance in aerial circuit, K=capacity, G=spark gap. 


Fie. 382.—D1aGRAM OF CONNECTIONS AT THE HIFFEL TowER STATION. 


from the public mains at 220 volts and 42 periods. After passing 
through the switchboard it is taken to the primary of the transformer 
T, in series with which is the tuning inductance L, and the resistance 
R. The value of this resistance R is such that when it is in circuit 
the pressure given by the secondary of the transformer is insufficient 
to cause a spark, and the method of signalling consists in short- 
circuiting this resistance whenever a spark is desired, the alternator 
circuit being thereby rendered resonant. The secondary of the 
transformer is taken to the spark-gap G and to the oscillating cir- 
cuit, including the capacity K and the inductance Ly in the aerial 
circuit. The sparking pressure is not reached at the first maximum ~ 
in the wave after closing the primary circuit, but in the present 
instance at the third. The primary frequency is 42, varying up te, 
say, 46, thus giving a spark frequercy of 28-30. 
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In Fig. 383 the primary choking coils and rheostats are seen. To 
the left of the door of the spark chamber are the choking coils. 
There are two of these in series, the one on the left being continuously 
variable by means of an iron core, and that on the right being variable 
by;steps. The amount of inductance in circuit is about 0-005 henry, 
and is adjusted so that the pressure rises to about five times that of 
the supply. On the right of this illustration are seen the rheostats. 


EL TOWER. 


Fie. 383.—View or Primary INDUCTANCES AND RHEOSTATS AT THE EIFr 


‘There are two of these (one being a spare) in cylindrical cases, the 
resistances being in oil which is water-cooled. They are built to carry 
currents from 40 to 400 amperes. A third rheostat is used for varying 
the energy used in transmission, the amount of resistance in circuit 
for normal working being about 0-4 ohm. 

Fig. 384 shows the Oudin resonator which forms the aerial induc- 
tance. Itconsists of about 43 turns of copper tube approximately 4 in, 
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in diameter. The whole of thisisin the aerial circuit, and 14 turns are 
in the oscillating circuit. Thus direct coupling is used, and there is 
no ready means of varying this coupling, though the position of the 
clamps can be changed if necessary. There is no other inductance 
in the aerial, which works at the natural wave-length of 2,150 metres. 
There has been some alteration since the photograph reproduced in 
Fig. 384 was taken, and thus the spark-gap, which is seen below the 
tuning coil, is not quite the same. One of the electrodes consists of a 
vertical copper plate, the other being a horizontal brass tube about 
8 in. in diameter, at right angles to the plate. The gap between the 
two is 26 mm. and is capable of adjustment. The disc is eccentric 
with regard to the tube, so that when the former is rotated, a fresh 
surface is exposed to the spark. The tube is connected, by means 


Fig. 384.—AERIAL INDUCTANCE AND CAPACITY AT THE EIFFEL TOWER. 


of indiarubber tubing, to a fan driven by a 2. H.P. motor, so that 
a blast of air is sent through the spark-gap when in operation, thus 
favouring the rapid extinction of the spark as the pressure 
talls. This is also facilitated by the fact that the voltage falls 
very rapidly in the rare spark method as soon as the spark takes 
place. 

A: either side of the tuning coil is seen the capacity in the oscillating 
circuit. This capacity amounts to 0-7 p¥. It is divided into two 
equal groups which are connected in series, and it consists of 896 
Moscicki tubes, each tube being made to withstand 50,000 volts. 
On the left of Fig. 384is seen the transformer. Thisis of the ordinary 
oil-filled type, not made with large magnetic leakage, the necessary 
inductance being supplied as described. 
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Fig. 385 shows the switchboard and some of the transmitting 
apparatus. | Transmission is effected by relays which short-circuit the 
rheostats as already described. Various types of relay have been 
used, but in ordinary work a horizontal electromagnet with spring- 
controlled core is found suitable. When the core is sucked in, the 
circuit is made by eight carbon contacts in parallel. 


' 


Fic. 385.—VIEw oF TRANSMITTING APPARATUS AT THE EIFFEL TOWER. 


The aerial consists of six wires, arranged fan wise, taken from the 
top of the tower. This, for aesthetic reasons, gives a more limited 
aerial than might otherwise have been constructed. The tower itself 
absorbs a certain amount of energy, and this effect was at first re- 
duced by special means, but these have now been abandoned. 
‘Telephonic bronze cables were originally used for the aerial, but their 
mechanical. properties suffered through fatigue, and they were 
replaced by galvanised steel cables. The s‘ecl or zine has'a certain 
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harmful effect, the damping being 1-15 times that of the old aerial. 


~The aerial insulators consist of rubbered belts passing over porcelain 


pulleys. At the top of the aerial two of these insulators are used 
in series for each cable. The antenna capacity is about 7bF. The 
earth consists of a large number of zinc plates buried under the 
foundations, and having a total surface of 600 sq. metres. ‘T'he 
decrement of the radiation is 0-11 to 0:12. The range to ships is in 
winter 5,000 km. at night and 3,000 km. by day; but Arlington, 
6,200 km., can receive easily at night when there are no strays. 

In addition to-the main installation there is a small one of 10 kW 
on the rare-spark system, and also one of 22kW giving musical 
sparks. This last is provided with a Béthénod alternator giving a 
frequency of 600 per second. Otherwise there is no great difference 
to be noted. There is also a small aerial, consisting of two wires, 
to the second platform of the Hiffel Tower, giving a wave-length of 


Rheostat 
NV 


V=vess2l containing mercury M, R=rotating electrode, P=plunger in electro- 
magnet E, p=piston, v=valve, J=jet. 
Fic. 386.—D1aaRaM or Kny FOR GIVING TIME SIGNALS FROM THE 
ErrreL TOWER. ; 


500 metres for experimental purposes. The power station has 
recently (1914) been increased by the installation of an alternator 
of 130 kW having a frequency of 1,000, which on the resonance 
principle will give a spark frequency of about 60), and consequently 
4 musical note. The antenna current is 80-85A, with \=2,200 m., 
and 95A with A=3,500 m. ‘The range is about: 25 per cent. greater 
than with the older plant described above. 

An interesting feature of the station is the arrangement for giving 
daily time signals direct from the observatory, the relay being con- 
nected to the observatory for this purpose, and being thus actuated 
directly by the special ‘observatory clock. This relay in turn brings 
into action a second relay, which short-circuits the rheostat, thus 
giving the necessary signals. A relay of this ‘kind must deal with 
considerable currents, and the time taken for its operation must be 
quite definite if the signals are to be trustworthy. Ferrié developed a 


_ key which is shown diagrammatically in Fig. 386. It consists essen- 
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tially of a vessel, V, containing mercury, M, and a rotating electrode, 
R, which is above the surface of the mercury. The terminals of the 
rheostat are connected respectively to the vessel and to the electrode. 
The vessel contains, further, a ‘small mercury pump, of which the 
piston is indicated at p. When the piston is drawn up it draws 
mercury in through the valve v into the pump, arid when it is forced 
down it drives the mercury out through the jet J against the rotating 
electrode. When this happens the rheostat is short-circuited and 
the spark passes. The piston p is actuated by the plunger P forming 
the core of an electromagnet, E. Normally the plunger is kept up 
by a spring, and is pulled down when the electromagnet is energised 
by the relay connected to the observatory. In order to suppress 
sparking on the rotating electrode the vessel is filled with coal gas. 
It is found that the action is quite definite, with a lag of 0-2 second 
between the closing of the circuit at the observatory and the passing 
of the spark at the aerial circuit. 


ARLINGTON STATION. 


A description of this station, which is the central unit of the 
American Naval Radio Service, has been given by W. H. G. Bullard 
before the Institute of Radio Engineers. The following is taken 
from the Proceedings of the Institute:— 


The site of the station is about 190 ft. above sea level. There are three 
towers, one 600 ft. high, the others 450 ft., placed at the corners of an 
.so0sceles triangle, of which the base (connecting the shorter towers) and 
the altitude are each 350 ft. The feet are insulated, and provided with 
earthing switches. The steel of each of the shorter towers weighs 275 
tons, of the higher 500 tons. The current is supplied to the station at 
6,600 V three-phase 25~, and is transformed to 220 V. 

The antenna is made up of three sections of 23 wires, each consisting of 


seven strands of 0-081 cm. phosphor bronze. These are attached to. 


spreaders made of 3 in. pipe, 88 ft. long, reinforced by trusses, and the 
spreaders are each attached to a tower through 10 series electrose insu- 
lators. A plan of the antenna appears in Fig. 387. The main section A 
forms a T-antenna between the shorter towers, the vertical part being a 
rat tail of 23 wires descending as a fan for 300 ft., and then as a cage 
down to the switch on a short mast, which is near the house. The rising 
portions B, C, run to the 600 ft. tower, being joined to the main section by 
jumpers of 23 wires. The fundamental wave-length is 2,100 metres, 
and the capacity is 0-094 uF. A switch on the short mast is controlled 
from the signalling room, so that the antenna can be used for sending or 
receiving. The ground connections consist of many lengths of wire, 
buried at various depths, forming a chequer board pattern with soldered 
crossing points, the final leads ending in a near-by stream. The connec-' 
tion to the station is through a large copper strip, 6 in. wide, and + in, 
thick, permanently soldered. 

The operating room has double doors and walls 20 in. thick. Before 
the plastering was done, ceiling, walls and floor were covered with # in. 
** linafelt ’’ for sound proofing, and then by a layer of chicken wire of 
4 in. mesh, all electrically connected together and to the earth connec- 
tion.. The room is ventilated by two small fan motors, through felt- 
lined air ducts with baffle plates. A radiator in the duct warms incoming 
air in the winter. 


Spark Plant. . 
A Fessenden spark set of 100 kW rating is installed. A general view is 
shown in Fig. 388, and the wiring diagram in Fig. 389. The main driving 
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Fig. 388,.—100 KW TRANSMITTER. 


A= Alternator Field. K = Exciter, 

B= AC. Generator 500 L = Mains. 

C = 19 Drive Belt. M= Safety Gap. 

D = 3-ph. Motor 200-h.p. N = Transformer 1CO kW. 

E = Earth. O = Oscillation Transformer.. 

F = Water Cooling System. P = Reactance Coils. 

G= Stationary Electrodes. R = Hot-wire Ammeter. 

H = Spark-gap Rotor. S = Motor Field. 

I = Relay Key. T = Condenser Bank. 

J = Relay Key Shunt. U = Aerial Inductance, 
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unit is a Westinghouse 200 up. 220 V 25-~ three- phase synchronous | 


motor, 300 revs. per'min., controlled by an oil switch with auto-starter. 
On the shaft is an 8 kW 110 V D.C. generator for exciting the fields of the 
motor and: of the 100 kW driving generator. This is a General Electric 
220 V 500 ~ machine, driven at 1,250 revs. per min. by belt from the 
200 u.P. motor. On this shaft is the rotor of the spark gap, which con- 


sists of a fibre wheel with a peripheral brass ring from which protrude: 


48 radial copper rods about 10 in. long. The casing carries two water- 
cooled stationary electrodes, and can rock slightly for adjustment round 
the shaft. 

The main leads of the generator run to a panel and pass through a 
ccircuit-breaker to the primary of the transformer. One of the leads is 
broken by a relay key whose contacts are shunted by a resistance grid. 


When the key is closed and opened the greater part of the current is © 


taken up by the grid so that the contacts are protected from wear and the 
condensers are kept up to the sparking point, ready for discharge. This 
relay key is operated by a distant signalling key. The secondary 
leads of the transformer carry current at 25,000 V to the stationary 
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electrodes, across which are placed in shunt the condensers and~ 


the primary inductance of the oscillation .transformer. The primary 


inductance is a helix made of 10 turns of 1 in. copper tube about — 


4 ft. in diameter, with spring clips for making the variable con- 
nection. 

The condensers, of National Electric Signalling Co. type, consist of 20 
plates in a cylindrical metal tank, one half connected to the tank, the 
other to a rod passing through oe insulator in the centre of the cover. The 
distance between the plates is }in., and the dielectric is air compressed 
at 250 lb. per square inch. By preliminary treatment of the contained 
air, consisting of burning away the dust by sparking between the plates, 
the safe voltage can: be raised to the equivalent of. a 1 in. gap in free air. 
Each condenser is 0-036 uF. Two banks of seven in parallel are con- 
nected in series. 

The secondary of the oscillation usistnrmehs is A: 2 in. copper tube, and 
has twice the number of turns of the primary. One lead goes through a 


hot-wire ammeter to the earth, and the other has a spring clip. Coupling ~ 


is varied by a screw adjustment. A loading coil of similar design inter- 
-venes between the secondary and the antenna lead, which passes out of 
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the building through an electrose insulator in a plate glass window J in; 


thick and 5 ft. square. It runs to the top of the short pole previously 
mentioned as carrying a switch. ths ia 

There is. also installed at Arlington a5 kW spark set, which has a wave- 
length range of from 300/3,000 metres, but of which the two wave- 
lengths 952 metres and 2,400 metres are now only used. 


Arc Plant. 


The arc set at Arlington is 100 kW, and was supplied by the Federal 
Telegraph Co. It consists of a motor generator of 160 H.P., giving 
500 V D.C., an arc, inductances, and the necessary panels. The 
control for the motor starts the machine on low voltage and automatic- 
ally brings it up to full voltage as the starting current is reduced. 
The machine is brought up to speed in 4 seconds from closing the 
switch. 

The negative electrode is connected through a hot wire ammeter to 
earth, The copper positive electrode is connected to the loading helix, 
which is in series with a similar helix of 12 turns, and so to the antenna 
From each turn of the small helix, a lead is taken to a 12-point relay, which 
is operated by 110 V D.C. When the hand key is released, the 12 points 
are closed, and the wave is shortened by about 100 metres. When the 
hand key is pressed, the contacts are opened. The waves radiated are 
6,000 metres and 5,900 metres. 


THE DARIEN STATION OF THE U.S. NAVY 
(PANAMA CANAL ZONE). 


The following description is taken from a Paper read by R. S. 
Crenshaw before the Institute of Radio Engineers :— | 


The power-house is 60 ft. by 30 ft., and contains the motor-generators 
for the main transmitting set, the main distributing and controlling 
switchboards, and the auxiliary transformers. 

The operating building includes the arc room, containing the main 
transmitting set with its auxiliary controlling devices, the receiving room 
and the office. The arc room and the receiving room both have wire 
mesh embedded in their walls, floor and ceiling, in order to prevent induc- 
tion from the transmitting set injuring the receivers. 

The three towers are 600 ft. high each ; the feet of each form a triangle ' 
150 ft. on a side, and the tower tapers to a 10 ft. triangle at the top. An: 
iron ladder runs up the outside of one leg on each tower, having rest plat- 


forms about every 50 ft. 


When the antenna was hoisted and adjusted to the sag which would 
give a pull of about 13,000 lb., the top of each tower was pulled over only 
4in. during hoisting, and settled back to 2 in. when hoisting stopped. 
All the bend was in the upper 200 ft. (60 metres). 

The block for each footing is 16 ft. deep and 20 ft. square, heavily 
reinforced with old railroad rail. Each block filled entirely the hole 
excavated for it without back filling, in order to have it bearing in undis- ' 
turbed earth. The distance between towers is: One and two, 897 ft. ; 
two and three, 751 ft. ; one and three, 969 ft. ; the antenna covers about 
6 acres. 

The cables are all phosphor-bronze, the outside ones being 3 in. dia- 
meter, the four strain cables through the mast 2 in. diameter, and the 
66 radiating wires of regular antenna wire. The first 150 ft. of the down 
lead. of 26 wires is a fan, and is then grouped by spacing hoops to form 
the rattail. Each corner is insulated with the Arlington type of Locke 


insulators with, however, two strings in parallel, as the strain was too 


near the mechanical breaking limit of the insulators. Lightning has 


_ already struck the antenna twice without damage, because of the safety 
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gap feature of these insulators and the towers being grounded. An 
electric winch. on each tower furnishes the power needed for handling the 
antenna. 

The feet rest on 10 porcelain block insulators 11 in. high, having each 
thres petticoats. Insulators are also placed under the yokes, which 
secure to tha anchor bolts for taking the upward thrusts ; and others are 
placed between the footing and the channel irons projecting from the 
block to take the side thrusts. However, the arc ‘‘ pulls’ better with 
the towers grounded through large knife switches to the ground system 
of the station. . 

The general ground conditions of this site are excellent, since the 
Gatun Lake lies on three sides of it, with an arm reaching into the centre 
_ .of the station plot. An artificial ground was laid in addition to cover all 
the land as follows: 100,000 ft. (30,000 metres) of annealed copper wire 
was laid in the shape of a grid forming squares about 50 ft. on a side, All 
intersections were soldered ; the ends of all wires, on reaching the water’s 
edge were run 100 ft. (30 metres) into the lake, and the main ground plate 
and the ground plate for each tower are tied into the large grid by "buses 
reaching well out into it. This ground system is buried about 4 in, 
(10 cm.) for protection. 

The main transmitting set was furnished by the Federal Telegraph 
Company, and the arc generator is their type of the Poulsen arc. 

The signalling is done by short circuiting or opening a compensating 
helix in series in the antenna circuit. The key for accomplishing this 
contains 13 pairs of points mounted on a yoke in parallel, so that each 
pair of points breaks only the voltage due to one turn of the auxiliary 
helix. This yoke is on the armature of a solenoid, the current controlling 
which is broken in a strong magnet field; and the key is thus positive 
and fast in action. The D.C. supply is protected from the radio fre- 
‘quency current by having air core choke coils in both positive and 
negative leads to the machine. The arc field spools are in the negative 
lead, and carbon rod protection in the power-house guards further against 
high-voltages getting into the D.C. generators. : 

The arc can be controlled entirely from the operator’s seat ; the main 
generator voltage being controlled there, circuit-breakers closed or 
tripped, the arc struck and starting resistance short-circuited. While 
running, the arc is regulated to take up the wear of the carbon by foot 
pedals, so that the operator may not have to interrupt his sending. All 
circuits are electrically interlocked, so that on starting the correct 
sequence must be followed. 

The regular receiving cabinets with tickers, as used by the Federal 
Telegraph Co., were provided with the outfit. (See p. 420.) 

For short wave work, an oscillating audion detector is used on one of 
the Federal Company’s cabinets. 


THE BALSILLIE SYSTEM. 


This system is used in several stations of Australia. The following 
description of the sending plant is taken from a Paper by J. G. 
Balsillie, read before the British Association at Sydney in 1914. 

It is a unidirectional impulse excitation system, in which the 
radiator is excited into oscillation by the use of three circuits termed 
the primary, the charging, the exciting and radiator circuits. The 
primary circuit is connected to the charging circuit by means of a 
transformer, and arrangements are made that the electrical period 
of oscillation of the charging circuit is in resonance with the forced 
period of oscillation of the primary circuit. The exciting circuit 
which forms part of the charging circuit is connected to the radiator 
circuit by means of a condenser which is common to both circuits. 
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The balance of circuits is arranged so that there is no reaction be- 
tween these cirguits. In operation the primary circuit charges the 
condensers, and the gap is so adjusted that the charge has reached 
its maximum before the condenser discharges across it. The dis- 
charge is not oscillatory, for reasons which are explained later, but a 
single discharge. This single discharge reverses the charge on the con- 
densers. It is evident that the reversed charge cannot be of the 
same value as the original charge, because a certain part of the 
energy of the original charge has been absorbed by the radiator ; and 
on aceount of the charging circuit being in resonance with the 
primary circuit the reversed charge in the condensers finds a path of 
less impedance through the secondary of the transformer than across 
the gap as the potential of the reversed charge is not sufficient to 
break down the gap. (By this is intended that ionisation of air 


Fie. 390.—Dr1aAGRAM OF BALSILLIE SYSTEM, | 


in the gap is not permitted to take place to any appreciable extent.) 
The result is, therefore, that the energy not absorbed from the 
exciting circuit by the radiator circuit and reversed in polarity by 
the single discharge.of the exciting circuit, finds its way to the prim- 
ary circuit via the transformer connecting the primary and charging 
circuits, wherein it is again utilised. 

‘In Fig. 390 current of frequency 350 per second is taken from the 
rotary converter A ; B is an ordinary choke coil with a movable core. 
The transformer C, D is an open magnetic circuit transformer with 
leakage factor of a definite value for a reason which will be explained 
later. The gap His air-cooled with the object of preventing the form- 
ation of an arc. Air at the pressure of approximately 100 Ib. per 
square inch is blown through one electrode, and impinges on the 
other, the diameter of the orifice being about ; in. (see p. 205). The 
condensers F and G consist each of five jars, each jar of capacity 
within 1 per cent. of 0-002 nF. The condenser H consists of 14 such 
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jars. I is the choking coil of such value that it does not offer any 
appreciable impedance to the flow of the 350 period current, but 


offers prohibitive impedance to the flow of an oscillatory current as — 


compared with the path through H. J is a small tuning inductance $ 
K is also a tuning inductance. Tuning is effected as follows: ‘Phe 
radiator circuit is tuned by means of the inductance K to the wave- 


length it is desired to emit, the value of the coupling condenser Mi 
having been first determined. The circuit E, F, H, G, J is approxi- 


mately tuned to the radiator circuit frequency. The circuit D, F 


I, G, J is tuned as nearly as possible to resonance with the frequency — 


of the current supplied from A. Thus it is seen that the inductance 
of the transformer secondary D, and therefore its leakage factor, 
plays an important part in the adjustment of the system. In action 


the aerial is earthed through the spiral choke I until discharge takes — 
place, owing to the fact that the charging current at a frequency of - 


350 periods does not charge the condenser H, which may be con 
sidered as short-circuited to this current by the inductance 1. There- 
fore the acrial may be corsidered as entirely earthed with regard to 
the charging circuit until the instant of the maximum charge of the 
condensers F and G. A discharge takes place across the gap E, the 
length of which is about lem. The rate at which the discharge 
across the gap occurs is determined by the time constant of the 
circuits E, F, H, G, J, the value of the inductance J being adjusted 
to make this below that of the radiator circuit. The effect of the 
initial rush of current across the gap E is that the condenser H 
becomes charged and the energy poured into it is set free in the 
radiator or antenna, which then oscillates in its own natural fre- 
quency only. The remainder of the charge in the two condensers 


creates an oscillation in the low-frequency circuit D, F, I, G, J. - 


Thus this energy belonging to the remainder of the charge in the two 
condensers is utilised at the next charge of the condensers, and owing 
to the periodicity of this circuit agreeing with the periodicity of the 
supply of current, and the path through the transformer D being 
easier than that across the gap, there is no return flow across the gap. 
The following are particulars of the Melbourne radio-telegraph 
station :— 
Mast 180 ft. high. 
Squirrel-cage aerial, natural wave-length 550 metres. 
Capacity, 0-0018 pF. 
High-frequency resistance on 600 metre wave, 12 ohms. 
The following are the readings of the instruments :— 
Direct-current generator, 80 volts. 
Air compressor takes 14 amperes at this voltage. 
Rotary converter, 35 amperes no-load_direct current. 
Rotary converter, 65 amperes full load direct current. 


Alternating current taken by sending instruments at 350,jperiods — 


per second approximately :— 
. Current in circuit, 58 amperes. P.D. on choke B, 49 volts. 
P.D. on transformer primary, 40 volts. P.D. on converter, 62 volts. 
Current in air wire, 16 amperes. 
‘Wattmeter readings :— 
Choke, 400 watts. Transformer, 1,600 watts. Converter, 2,100 
watts. Unaccounted for, 100 watts. 


The range of reliable communication is, to vessels at sea, 450 miles 


by day and 1,500 miles at night. 
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THE GOLDSCHMIDT SYSTEM. | , 


STATIONS AT HANOVER AND TUCKERTON. 


At the Hanover station of the Goldschmidt system the generating 
plant consists of a 500 u.P. Wolf locomobile engine of the standard 
type driving two dynamos of 150 kW each by belt. The armatures 
of these machines are directly connected (see Fig. 391) with the motor 
of the high-frequency alternator (p. 229). This machine consists 
of a stator and rotor, each of which carries a winding forming 384 
poles. If, for instance, the machine runs at a speed of 3,130 revs. per 
min., and the stator winding is excited by continuous current, 
alternating current will be produced in the rotor with a frequency of 
10,000 cycles per second. The stator is excited from the continuous- 
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Fig. 391.—D1aaram or CoNNECTIONS AT THE HANOVER STATION. 


current dynamo A (or battery). This exciter is protected by a block 
choking coil, B, from the effects of the alternating voltage produced 
in the stator of the Goldschmidt machine, the choking coil at the 
same time preventing the alternating energy in the antenna from 


‘passing to earth through the exciter. 


The alternating current of 10,000 cycles produced in the rotor by 
mechanical rotation in the constant magnetic field of the stator 
passes, as shown, through a circuit consisting of an inductance coil 
and a condenser, ©, which is connected across the slip-rings SS of the 
rotor winding. This inductance and condenser are tuned so that the 


whole rotor circuit is in resonance for 10,000 cycles, thereby minimis- 


ing the continuous exciting current in the stator necessary for pro- 


ducing a certain current in the rotor. Owing to the reaction on the 
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stator of the rotor winding carrying 10.000 cycles, a frequency of 
20,000 cycles is produced in the stato>. The stator winding is tuned 
for this frequency of 20,000 cycles by the combination of an induc- 
tanee coil and condenser D, so that the 20,000 cycles have a non- 
reactive path to flowin. These 20,000 cycles in the stator react again, 
on the rotor and produce here a frequency of 30,000 cycles, the rotor 
winding being tuned to this frequency by the condenser E. Through 
the reaction of the current (at 30,000 cycles) in the rotor, 40,000 


cycles are produced on the stator terminals, which are connected . 


to earth and to the antenna as shown in the diagram. 

In selecting the combination of the inductance coil and con- 
Aenser Cfor tuning the rotor to 10,000 cycles, as well as in the selection 
of the condenser E, account must be taken of the two tuning circuits 
in parallel affecting each other ; but by careful correction and with 
a little practice the tuning of the rotor circuit for both 10,000 and 
30,000 cycles can be carried out very exactly. When once the 


condensers and inductance coils have been chosen they form prac-\ 


tically an inherent part of the machine, and need never be altered, 
unless it is desired to alter the frequency of the machine. In such 
@ case, the alteration in the frequency of a machine tuned as above 
is a very simple matter. A different speed is selected, and only 
the condensers have to be changed in inverse proportion to the square 
of the new frequency. 

The machine is operated by the key X in the exciting circuit, 
which, besides exciting the alternator and so supplying power to the 
antenna circuit, controls the speed of the machine through a relaying 
device in the following way: As will be noticed from the diagram, 
the gererator has its field separately excited and runs at a constant 
predetermined speed. ‘The field of the driving motor is also supplied 


from the mains, and contains a resistance which can be cut in or out | 


as the switch X is opened or closed—+.e., when energy is being sup- 
plied to the antenna. The effect of this is that the motor tends to 
speed up a sufficient amount to counteract the tendency of the 
generator speed to drop owing to the increased output. The result 
is that the speed of the Goldschmidt genérator remains constant at 
3,100 revs. per min. ‘Transmission is effected by means of a high- 
speed Wheatstone transmitter, which operates the exciting current. 
The power absorbed in the exciting circuit is about 8 kW, while that 
available in the antenna is 160 kW with a current of 200 amperes. 
The Eilvese (Hanover) station communicates with a similar station 
at Tuckerton, U.S.A., for which the following figures have been 
given. The antenna has a resistance of 6 ohms at A=7,400 m., and 
the antenna current is 140 amperes when the direct-current input is 
990 amperes at 218 volts. Thus, on a continuous dash, the efficiency 
is 117 kW—217 kW, or 54 per cent. When sending messages at the 
rate of 15 to 18 words per minute, the input decreases to 690 amperes 
at 222 volts, corresponaing to 153 kW input, and making the efficiency 
76-5 per cent. The mast is a guyed steel structure 693 ft. high, and 
the antenna is a double cone. Its natural wave-length is. 2,800 
metres and the wave-length radiated is 2-7 times greater. At 
Tuckerton the plant includes a Westinghouse double-compound 


vertical steam engine driving by belt two 120 u.p. 220-volt direct-~ » 


current generators, which supply a motor rated at 250 H.P., which 
is coupled direct to the reflection alternator. This machine has 
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300 poles, and a rotor 3 ft. diameter, which weighs 5 tons. The rotor 
runs at 4,000 revs. per min., with an air-gap less than 1mm. The 
magnetic circuits are built with steel 2 mils thick, separated by paper 
1-2 mils thick. 

For receiving purposes, Goldschmidt has designed an apparatus 
which he terms the “ tone-wheel.”’ This is described on pp. 318-321. 

The mast possesses some interesting constructional details. It is 
210 metres (693 ft.) high, but will eventually be carried to a height of 
250 metres (825 ft.). There is a ball and socket joint at the bottom 
of the tower which is insulated with glass, and 150 metres (495 ft.) 
up there is another similar joint. The guy ropes, which are of 
straight, ¢.e., unstranded, wire, are insulated at various points in their 
length. These supporting wires are carried at their lower end over 
pulleys to concrete blocks which are free to move up and down, so 
that stresses on the tower from wind pressure are eliminated. The 
antenna itself is made of phosphor-bronze 1 cm. in diameter. 


VARIOUS TYPES OF TRANSMITTING APPARATUS. 
‘© Hytone’’ and Similar Plant. 

The Hytone apparatus is manufactured by the Clapp Eastham Co. 
A description of the plant has been given by Melville Eastham before 
the Institute of Radio Engineers. 

The supply may be A.C. of ordinary frequency. The voltage is 
raised to about 4,000 volts by a closed circuit transformer possessing 
high variable magnetic leakage. The iron is worked at a flux density 
of 12,000 lines per sq. mm., so as to give a flat topped current wave. 
The discharger has fixed and moving electrodes consisting of equal flat 
copper rings, one being rotated at 1,800 revs. per min. The sparking 
surfaces are 0:075 mm. apart and are milled with 36 radial slots. With 
smooth rings the discharges occur at the rate of about 30,000 per second, 
but the slots break up these almost continuous discharges, so that a 
note of pitch 1080 per second is obtained. Several such units are con- 
nected in series, one being allowed for each kilowatt. The units are 
assembled in a case cooled with radiating flanges, all being correctly 
centred on the same shaft and rotated by a small motor, which is 3-H.P. 
for the 3-kW plant. 

A glass condenser, the gaps, the primary turns of the coupling trans- 
former form the impulse circuit. The secondary of the transformer is 
connected between aerial and ground. 

With smooth electrodes sustained waves may be obtained, as in the 
Chaffée gap, the primary being adjusted merely approximately to the 
natural period of the secondary to obtain correctly phased reactions. 
A large inductance is used in each supply line to keep the current con- 
stant, but this does not influence the impact frequency. 

The efficiency measured in a 10-ohms mute antenna when the wave 
length was 600 m. was 65 per cent. 

An inductance capacity shunt possessing a natural period of audible 
frequency may be connected across the gap in the way made familiar 
by Lepel to give a note to the sustained waves. 


E. W. Stone’s Mopiricarion. 

In a Paper read before the Institute of Radio Engineers the pere 
formance of a rotating gap in a confined hydrocarbon atmosphere is 
discussed. The gas pressure is kept very high, just short in fact of the 
pressure at which sparking would become impossible with the voltage 
being used. The adjustment of pressure must, for practical purposes, 
be made automatic; hence an adjustable poppet release valve is an 
essential part of the set. 
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The quenching properties of the usual quenched gap depend greatly 
on the extent to which the gap is cooled. With the gap here described, 
the more heat generated within the gap, the greater is the gas pressure 
formed, so that the one action automatically compensates for the other. 
Cooling of the spark dischargers themselves is to be desired, and this is 
effected, as far as the stationary plate is concerned, by mounting 
radiating plates on the posts holding the plate to the casing. 

Fig. 392 illustrates the gap proper. The alcohol drip cup is shown at 
the top of the gap. This is equipped with a pressure equaliser, a tube 
running from the inside of the spark chamber to the top of the cup, to 
insure a steady flow of alcohol. With such an arrangement it is necessary 
to keep the cap, by which alcohol is poured into the cup, air-tight. The 
safety release valve is shown at the bottom of the gap. The hand- 
wheel on the valve is adjusted as so to keep the vapour pressure just 
below that value which prevents sparking. A rubber tube, not shown, 


Fre. 392. 


serves to conduct the vapour from the mouth of the valve, acting as an 
exhaust pips. The complete casing is of iron, leads being carried into 
the gav through bakelite bushings. The construction of the stationary 
and movable plates is similar to that of the Clapp Eastham gap. | 

Fig. 393 shows the complete 2-kilowatt transmitter, All wiring is 
done within the frame itself. Four variations of primary input are 
possible, being controlled by the switch at the right of the panel. At the 
rear of the panel are mounted’ the closed core transformer and the con- 
denser: The latter is built up in one unit, using copper sheets with thin 
Belgian picture glass for dielectric, the whole impregnated in a non- 
hygroscopic compound. The low secondary voltage effectually prevents 
puncture, but the condenser is so mounted as to permit of the immediate 
substitution of a spare unit should any unforeseen accident to the 
condenser occur. aha 

A closer view of the oscillation transformer is shown in Fig. 394, 
Since tuning between the primary and secondary circuits is not necessary 
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the primary inductance is made non-adjustable. In the set shown it 
consists of two turns. 

Since all of the energy is to be delivered in one half cycle, or as nearly 
that as possible, it is necessary to have the resistance of the metallic 
circuit as low as practicable, and. to have as much of the primary in- 
ductance as possible effective in inducing energy in the secondary. One 
end of the primary inductance connects with the gap as shown, the other 
end to the condenser through merely the thickness of the panel, 2-5 cm. 
The remaining lead from the gap to the condenser is about 8 cm. in 
length. 

The antenna loading inductance is mounted independently of the 
panel. This inductance is wound in the usual helical form and taps 
are taken from this to four plugs marked A—300, A=400, A=500, 
A=600, respectively. The position of these taps is, of course, deter- 
mined by wave meter, being dependent on the fundamental wave- 
length of the antenna. This inductance is mounted so as to permit of 
immediate change from one wave-length to another. Since the primary 
frequency is the same whatever wave-length it is desired to radiate 
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from the antenna, it is only necessary to insert the aerial-lead handle 
in any of the plugs mentioned. 


In operation, the tone of signals received from this transmitter is 


clear and piercing, although accompanied by a slight ‘‘ feathery ”’ tone, 
to use an operator’s term. This is probably due to the fact that dis- 
charges cannot always take place when the gap sectors are opposite 
each other, due to the non-synchronous revolution of the gap. How- 


ever, this slight roughness .is by no means displeasing; and even with ~ 


local signals the impulse group frequency of about 1,000 is not accom- 
panied by the 60-cycle supply tone. 


B. WASHINGTON’S APPLICATION OF THE CHAFFEE Gap. 
B. Washington and P. H. Roysten have described plant intenaed 
for commercial operation similar in type to the above and bringing 
into practical form the Chaffee gap. Some information on this gap: 
will be found on page 204. Fig. 395 shows a section of the gap of 
the discharger. One side of the gap is carried by a diaphragm, so, 
as to admit of adjustment of the gap length, while keeping the 
chamber gas tight. The anode is copper, the cathode is aluminium,,. 
and the discharge takes place in moist hydrogen. The. chamber 
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itself is a space cut in bakelite, the gap is 2 mm. or 3 mm. in length, 
and one gap is capable of 200 watts input. Two or three gaps may 
be used with one primary condenser, and both current and voltage 
should be doubled or trebled ; thus, the power rating increases with 
the square of the number of gaps. For larger powers than } kW a 
rotating discharger is used consisting of an aluminium disc and a 
stationary copper electrode run in an atmosphere of hydrocarbon 
vapour. The efficiency of the small fixed gap is 50 per cent., and of 
the rotating discharger is up to 70 per cent. For the best energy 
transformation the primary should be tuned so that its wave- 
length is 1:7 times that natural to the antenna. (See pp. 203-4). 


* 


THE LEPEL SYSTEM. 


_ The distinctive features of this system are in the sending appa- 
ratus. A characteristic form of quenched spark is used (see p. 169) 
in a primary circuit in which the capacity is made as large, the induc- 


Fic. 396.—Lepren Crrcvits. 


A, Aerial wire. G, Generator. C,, Ce, Capacities. L,, Lz, Coupled inductances. 
Lg, Aerial inductance. S,, Se, Supply terminals. The current in Cy, Ly, G has 
usually the same frequency as that in A, Le, Ls, G, E 


tance as small,as is possible. The circuits are shown in Fig. 396. The 
figure does not show the large choking coils and the steadying resis- 
tances, which are usually connected in the supply mains when direct 
current is used. 

The discharger in a 2 kW station has two electrodes, each con- 
sisting of a conducting plate made carefully plane, and usually 
circular about 3 in. diameter. The metals used with direct 
current are copper for the positive plate and a hard bronze for the 
negative. They are placed horizontally, the top one resting with iis 
plane face corfronting that of the lower, but separated from it by 
one or two thicknesses of thin paper. To carry away the heat, the 
electrodes are either mace hollow and cooled by circulating liquid, 
or are provided with cooling flanges exposirg a large surface to the 
air. At the centre of the paper separator a small hole is cut; and 
across the very short air-gap thus formed—about 0-04 mm.—a 
voltage of from 400 to 600 can strike when the Morse key is depressed. 
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. As the paper slowly burns the discharge wanders over the surface — 


of the electrodes. 

With direct current the discharges follow one another at a fre- 
_ quency much above the limits of audition, and cause a hissing noise 
in the receivers of spark stations. But by the use of alternating 


current the emitted waves have their amplitude periodically varied — 


and yield a musical note in receivers. When only direct current is 
available or convenient, periodic variations of amplitude ean be 
_obtained by connecting across the gap an additional oscillatory 
circuit. comprising inductance and capacity of suitable proportions 
for vibrating with any desired audible frequency. By arranging 
that the amount of capacity or inductance in this auxiliary singing 
circuit can be controlled from a keyboard, tunes or bugle calls can be 
ESMT ED 

- For further information see p. 201. 

The receiving apparatus does not differ in essentials from well- 
known types. When direct current is used at the sender without 
the singing circuit, a ticker device is used for reception; when 
musical signals are emitted, a contact detector is employed. 


[* aj 3 DIRECTIVE] WIRELESS TELEGRAPHY. 


In some circumstances, especially for receiving, the antenna may. 


be a large diameter coil of wire in series with a condenser possessing 
suitable capacity for attaining resonance. But, in fact, there is 
sometimes little advantage then in retaining the antenna—the coil 
and condenser may be used as the closed oscillatory circuit of an 
ordinary receiving set and coupled straight to the detector circuits, 
If, however, an unassisted detector be employed the range of re- 
ception will be much smaller than with an open antenna, but may 
be greatly increased by the use of amplifiers. In this latter event 
any fairly short coil of a receiving set may be used for picking up 
signals and showing the azimuth of their origin. 


A coil used in this way, if more than a foot or two in diameter, © 


- would be called a “‘ frame” aerial. It picks up more energy the 
‘greater its area, so that a coil of few turns and large diameter gives 
stronger signals than one of many turns and small diameter, other 
things being the same. Thus a vertical coil of one turn has fre- 


quently been used since the earliest days of wireless telegraphy, — 


and has been called a “loop” aerial. In any case the loudest 


signals are obtained by aid of a coil, of large or of small diameter, | 


when its turns are in vertical planes with their mean direction in 
the plane of the electric force vector of the incoming waves. 

Directive antenne were used or suggested very early in the history 
of wireless telegraphy by G. Marconi, 8. G. Brown, A. Blondel, L. de 
Forest, F. Braun, von Sigsfeld, A. Artom and others. 

S. G. Brown proposed the use of two vertical antenne, separated 
by a distance of the same order as the wave length, and operated 
with definite phase relations. Marconi.and Sigsfeld proposed the 
inverted L antenna. F. Braun has used a system of three vertical 
antenne at the corners of a horizontal triangle operated with definite 
phase relations. De Forest and others have used closed vertical 
loops. Artom has used a pair of inclined antenne, forming an X, 
operated with phase difference of 90 deg. See p. 117 for formule. 
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Although it is improbable that the directive properties of a 
sending antenna of any type persist at great distances from the 
antenna—that is to say, at distances many hundreds of times the 
wave-length or the dimensions of the antenna—yet antenne of the 
Marconi directive type are widely used in long-range stations. This 
is, perhaps, not so much on account of the directive action at a great 
distance as on account of the constructional advantages. More- 
over, with directive antenne the principle of balancing, now used in 
duplex long-range work (p. 449), is easily applied. 

The Radiogoniometer. } 
The Bellini-Tosi apparatus, in the origin of which A. Artom claims 
some notice, is the most elegant and one of the most useful types of 


A 


B 
Fic. 397.—RADIOGONIOMETER FOR TRANSMISSION. (Plan.) 


apparatus. The characteristic parts of the indoor apparatus are 
denoted by the term radiogoniometer. 


RADIOGONIOMETER FOR TRANSMISSION. 

For inductive excitation the apparatus is as seen in Fig. 397. 
An oscillation tranformer is provided with two secondary windings 
at right angles to each ocher (m, 21)3 each winding Is connected into | 
one of the triangular aerial circuits. The primary of the transformer 
s,, internal to the secondaries and joined to a capacity and the spark- 
gap, is movable on. its vertical.axis. Owing to this. arrangement 
the excitation of the two circuits depends upon the angle which the 
plane of the primary winding makes with the planes of the two | 
secondaries—that is to say, with the planes of the two aerial circuits 
(AB, A,B,). On turning the primary through 360 deg. the direc- 
tion of maximum radiation.is itself rotated through 360 deg. Sis the 
secondary of the l.f. transformer. 
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The theory of an ideal form of directive aerial is given on another 
page (p. 117). It will be seen from the theory that’ each of the 
more or less vertical parts of a triangular directive aerial ought to be 
caused to vibrate as if separate, and that the horizontal connecting 
position of the antenna ought to do little more than maintain a certain 
phase relation between the vibrations of the more or less vertical 
parts. These conditions can be complied with by making the 
aerial vibrate with three times the fundamental frequency of the 
whole triangle. 


RADIOGONIOMETER FOR RECEPTION. 


Turning now to the reception, the arrangements here are similar 


to those for transmission, as is shown diagrammatically in 
Fig. 398, where the transformer coils for reception are connected— 


oA 


_Fia. 398.—RADIOGONIOMETER FOR RECEPTION, 


as in the case of the transmission—to the two triangular aerials, 
which are at 90 deg. to each other. 

The oscillatory currents formed in the two aerials by the electro- 
magnetic field create, in the interior of the fixed windings, a resultant 
magnetic field of whica the direction is dependent upon the azimuth 
of the transmitting station. When the movable winding is per- 
pendicular to this resultant field the effect on the detector is a 
maximum, and a pointer attached to the coil indicates on a dial 
the direction of the transmitting station. As a fact, this maximum 
is often not sharp enough, even when the coupling is reduced till 
reaction on the aerials is negligible, and then the direction is found as 
the mean of the two positions of the exploring coil at which signals 


become inaudible. One is, however, not able to determine on which 


side of the receiving station the transmitting station is located. 
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Bellini and. Tosi have shown how the defect just mentioned may be 
removed by the combination of a triangular antenne, a simple 
antenna, and a radiogoniometer. 

The Bellini-Tosi plant has been modified by the Marconi Company, 
and has been used on board S88. 
“* Onward,” one of the cross-Channel 
boats of the English S.E.&C. Rail- 
way. Fig. 399 shows the arrange- 
ment of the antenne, the width of 
the bases of the triangular aerials 
being 42 ft. and their height 40 ft. 
The connections are shown in Fig. 
400. According to F. Addey, bear- 
ings can be taken to within 2 deg. 
on these small aerials. 

The installation of a directive 
antenna on a ship is not without 
difficulty. Errors arise from the 
presence of metal masses such as 
masts, funnels, turrets, and the 
ordinary antenna. Bellini found 
that masses aft of the directive 
antenna shift head bearings towards 
the keel, while masses forward make 
an error in the opposite direction. 
This can be very successfully allowed 
for by placing the directive antenna 
in a middle position. 


Other Methods. 


Marconi AND Prince METHOD. Fig. 399.—THEz Manrcont- 
A simple method of determining BELLINI-Tost WIRELESS 
the azimuth of a sending station Compass. 


is given in specifications by the 

Marconi Company and C. E. Prince, Nos. 2,456 and 2,457/1912. In 
the former, two tuned vertical rectangular antenne fixed in planes 
at right angles have the intensities of the oscillations in them com- 
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Fic. 400.—Wrrevess INSTALLATION ON BOARD 88, “‘ ONWARD.” 
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pared by any convenient method. The method emphasised is shown 
in Fig. 401. By adjusting the resistances R to obtain equality. 

. of sound with key K in the up, 
and in the down position; the 
comparison is effected with: fair: 
accuracy. The second specification: 
uses a directiona] antenna anda’ 
non-directional one, and makes. the- 
comparison either in the same way 
or by a variable coupling in the non- 
directional antenna. The variable 
coupling may be calibrated to read 
the azimuth of the sending station. 
direct. The principal distinction: 


Bellini and Tosi is that in the pre- 
sent method the intensities of the. 
Fig. 401.—Marcont anp oscillating currents in the antenna; 
’- Prrvoz Mernop. are compared, and in the Bellini. 
and Tosi method they are com-: 


bined and the maximum resultant sought for. 
THE TELEFUNKEN WIRELESS Compass, BiG 
- A-disadvantage of the above-described methods from the point of 


view of directive receiving on board ship, lies in the fact that the’ — 


ship must carry special antenne and unusual receiving apparatus, | 
and, besides, very short wave-lengths must normally be used. The 
Telefunken Company arrange to inform ships of their bearings with 
regard to a shore station in the following manner :— a 


At the shore station there is a symmetrical antenna, usually of the, 
umbrella type, and 32 low horizontal antennz radiating from the foot 
of the symmetrical antenna. First, the symmetrical antenna sends out 
a time signal. ‘Then each horizontal antenna in turn sends out'a short. 
sign at regular time intervals. The directive signals, always begin with: 


Fic. 402.— TrLerunkEen WIRELESS CoMPASs. 


the north-south antenna, and continue in cleckwise direction. The ship 
station receives most strongly from that antenna which points directly 
towards or from it, and the operator on the ship has to determine which 
of the signals is loudest. To assist him, a part of his outfit consists of a 
stop-watch. He starts this when he’hears the time signal, and follows 
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the revolving finger with his eye while listening to the signals from the 
directive antenne. The stop-watch is marked with the points of the 
compass, and makes a complete revolution in the same time as the 
rotating switch in the sending station on shore. The whole of the shore 
apparatus is perfectly automatic. By means of two such charted 
stations a ship can easily estimate its distance from shore. 

Fig. 402 shows the most convenient arrangement of antenne. The 
umbrella antenna has ribs radiating from the top of the mast, and the 
insulating prolongations of the ribs serve as supports for the directive 
antennz, which are anchored at their outer ends to the tops of low poles, 


RADIOPHARES. 

The French Government projected wireless lighthouses or radio- 
phares round the French coast, the stations being supplied by the 
Société Francaise Radiotélégraphique. Each radiophare will have a 
range not greater than about 38 nautical miles and wave-length not 
exceeding 150 metres, and each will emit automatically a distinctive 
call signal. The automatic key comprises two contacts in series 
with each other under the control of acam. The current passes only 
' when both contacts are closed. Both.cams close their contacts for 
a definite time, but one of them is geared so as to rotate several times 

faster than the other. This enables distinctive signals to be arranged 
for each radiophare, and thus passing ships can observe their position 
by taking bearings of several radiophares. 


DUPLEX RADIOTELEGRAPHY. 


Many proposals for duplex working have appeared, divisible 
broadly into two classes. In the one class fall the mechanical devices 
for switching the antenna to and fro between the sending and re- 
ceiving circuits; in the other class come those methods where the 
sending and receiving apparatus is left permanently connected to 
the antenna, and the effect of each sender on its local receiver is 
compensated in some way or other. Typical of the first class is that 
proposed by G. Marconi, wherein the studded disc discharger is used. 
for sending, and the idle intervals between the studs used for receiving. 
This is conveniently accomplished by rotating one or more commu- 
tators synchronously with the studded disc, the segments of the 
commutator beitig so arranged that the local receiving apparatus is 
inoperative during the instants when the studs are sparking. In 
actual practice with such a method it is very necessary to make sure 
that the sending plants at the two sending stations shall not syn- 
_chronise, for if the ‘discharges occur simultaneously at the two 
stations neither station will receive anything. This is easily avoided 
by previously arranging the speeds of the discs. Suppose the 
interval between two sparks is nine times the duration of a spark, 
and that the speeds of the discs of the two stations are arranged to 
be in the ratio of 10 to 9; then, if the two discs have the same number 
of studs, the station with the faster disc will at the worst fail to 
receive only one out of nine sparks, while the station with the slower 
dise will fail to receive only one out of 10 sparks. Thus it is only 
necessary to secure that each telegraphic sign shall comprise more 
than one spark, and this can be done even with tolerably high 
transmitting speeds. 

Typ‘cal of the second class is that used by the Marconi Company 
at the present day. The germ of the method lies in the proposal that 
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for long-distance work each of the two communicating stations 
shall be divided into two well-separated parts, a receiving part and 
a sending part, connected by special telegraph lines. or instance, 
for trans-Atlantic work the receiving house would be placed several 
miles away from the sending stations. By means of the connecting 
lines the operator at the receiving house can do the transmitting. 
To ensure good duplex working, it is necessary to arrange that each 
sending antenna shall not affect its own receiving house. ‘8. Eisen- 
stein in 1908 proposed to do this by making the wave-lengths ‘of the 
two stations very different. For example, the wave-lengths of 
sender and receiver at this side might be 3,500 metres and 2,500 
metres, and vice versa at the other side. He pointed out that the 
sending house should have a relatively high antenna and the antenna 
at the receiving house should be relatively low. . He stated that, 
with a wave-length difference of 10 per cent. and a range of about 
4,500 km., the sender and receiver at either side may be put at less 
than 30 km. apart. Instead of using different wave-lengths, or in 
addition to that, the present author in 1909 pointed out that another 
and distinct way of reducing the effect of the sending station on its 
own receiving station would be to use directive antenne properly 
placed. The method arrived at by the Marconi Company utilises 
and makes an advance on both these suggestions by the introduction _ 
of the balancing antenna. This is a relatively low horizontal 
antenna RB at the receiving station directed towards the corre-. 
sponding sending antenna, and therefore oriented nearly at right 
angles to the actual receiving antenna RA. This latter is, of course, 
broadside on to the sending antenna S and directed towards “the 
distant station, as shown. | 


Fie. 403.—Scueme or BaLancina ANTENNA. 


. The antennze RA and RB include each a coil coupled to the des 
tector circuit ; the couplings must be so adjusted that RB balancer. 
the effect of RA on the detector when S is working. On the othr 
hand, RB is so slightly excited, as compared with RA, by T working,. 
that reception from T is almost unaffected by the balancing antenna. 
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WIRELESS TELEPHONY. 


The broad principles underlying wireless telephony can be 
stated very briefly. A stream of radiation normally constant 
in wave-length and amplitude must be emitted from the 
sending station continuously or with interruptions not fewer 
than several thousands per second. On this uniform flow of 
radiation changes of some kind or other must be impressed in 
quantitative accord with the acoustic vibrations to be trans- 
mitted. The receiving apparatus, on the other hand, must 
be capable of giving, in a quantitative manner, audible indica- 
tions of these changes conveyed by the idiosyncrasies of the 
incoming radiation. A continuous stream of radiation can be 
emitted from an antenna excited by a high-frequency alter- 
nator or commutating machine. A practically continuous 
stream can be obtained from a Poulsea arc, and a rapidly 
interrupted stream of radiation can be obtained from certain 
forms of quenched spark discharger. Wireless telephony is, 
therefore, possible with any one of these oscillation generators, 
if acoustic vibrations can be impressed on the waves. 

The steady outpouring of radiation may be likened to the 
smooth wax surface moving beneath the “ needle ” of a phono- 
graph, but while the wax offers oaly one variable—its geo- 
metrical form—to the acoustic modelling, the electric radia- 
tion offers at least two variables—the amplitude and the wave- 
length. Both these characters have actually been utilised, 
hence we have at present two principal kinds of electric wave 
telephony—viz., telephony by vaziation of amplitude and 
telephony by variation of wave-length. In some instances 
both these variables are simultaneously changed to some 
extent. 

A great many ways of applying the acoustic control have 
been proposed. From the beginning a sound-varied resistance 
has been employed in association with either the antenna circuit. 
or the oscillation generating circuit. For instance, the micro- 
phone may be arranged in shunt with a part of the antenna. 
inductance or capacity, or in a separate circuit inductively: 
coupled with the antenna, or it may be analogously connected. 
with the oscillation circuit. But there are many other ways 
than these in which a microphone may be used. For example, 
it may be applied to vary the excitation of a high-frequency 
alternator, while, if an arc be used, the microphone may con- 
ceivably be applied to modify the supply current to the arc or 
the length of the arc, or the gas supply, or the magnetic field, 
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or any other variable affecting the amplitude or wave-length of 
the oscillations produced by the are. | 

In spite of this wide range of possibilities, the difficulties at 
the sending end far outweigh those at the receiving end. Any 
continuously and rapidly acting quantitative detector that can 
be used with a telephone receiver will serve for receiving, 
whatever the method of sending may be. Such detectors 
include the electrolytic, the thermo-electric and. the ionic. 
A typical mode of arranging the receiving apparatus is seen in 
Fig. 404, where T is a thermoelectric detector and R a telephone 
recelver. if 

When telephony is conducted by variation of amplitudes, 
the wave-length being kept constant, the varying strength of 
the waves causes varying response in the detector, and corre- 
sponding movements of the diaphragm of the telephone re- 
ceiver. When, on the other hand, sounds are being conveyep 


Antanna 


Fic. 404.—D1acram of RECEIVING ARRANGEMENT, 


by varying the wave-length of the radiation, the same result as 
before comes to pass at the telephone diaphragm, because in 
oscillatory receiving circuits of fixed electrical dimensions the 
currents produced by the incoming waves are greater or legs, 
according as those waves are in frequency nearer to or farther 
from the natural frequency of the fixed receiving circuits. 
Returning to the sending end, we find that a large number of 
inventors have associated the microphone with the air wire 
circuit. The simplest way is to put the microphone directly 
in the antenna (Fig. 4035). The alterations of microphone 
resistance produced by the voice cause corresponding changes 
of the antenna current, and, therefore, of the amplitude of the 
waves detached from the antenna. Some inventors improve 
on this by arranging a capacity or an inductance, or combina- 
tion of these, as shunt to the microphone. Others place the 
microphone in a closed tuned circuit inductively coupled to the 
antenna, which is really equivalent to the last. In both cases 
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the microphone is traversed by oscillatory currents induced 
from the main antenna currents, and these induced currents 
react on the main currents. The above methods are examples 
of more or less pure amplitude-telephony. As another example 
may be cited the method indicated on p. 2:18, which has been 
applied by E. Ruhmer and others. 

J. S. Stone has described what is principally a mistuaing 
method. He placed the microphone in a circuit coupled with 
the principal inductance coil of the oscillation generating cir- 
-cuit. The currents in the coupled circuit are governed by the 
micropbone’s resistance and the effective inductance of the: 
eoil in the generating circuit is, therefore, varied correspond- 
ingly. This alters the frequency and also the amplitude of the 
oscillations generated. 

A favourite suggestion 
for varying wave-lengths 
is that of altering the 
capacity of the generating 
circuits or of the antenna 
by aid of a condenser 
te'ephone. The acoustic 
viorations of the dia- 
phragm produce fluctua- 
tions of the capacity of 
the circuit, and, theretore, 
of the wave-length emit- 
ted. Plainly, any pro- 
perty whatever of an 
oscillatory circuit or of os- 


cillation generators which = 
enabies wave-length or Fig. 405.—D1acram or SENDING 
amplitude to be altered ARRANGEMENT, 


may possibly be utilised 
some day for wireless telephony. Consequently, inventors have 
drawn up specifications outlining all sorts of dispositions and 
properties, but many ot the plans set forth may remain visionary. 
A principal defect of wireless telephony in its present stage 
uf development lies in the fact that the operators at the com- 
municating statioas have each to take turns at speaking and 
listening. This deiect will be appreciated by the reader if he 
attempts a long conversation on the ordinary “ speaking tube.” 
Several solutions have been proposed; some of these will 
be described briefly below. Wireless telephony has, however, 
the advantage that there is no distortion produced in the 
acoustic wave forms during the transit of the waves from trans- 
mitter to receiver, whereas in line telephony there 1s very 
. appreciable distortion produced by the unequal speeds and 
rates of attenuation of the waves of differing frequencies inevit- 


able in speech. 
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Suppose the antenna to be acted upon by a source of constant 
siinple harmonic oscillations such as a high-frequency alternator, 
or, perhaps, an arc, in a primary circuit. The E.M.F. exerted on the 
antenna depends on the coupling between it and the primary circuit ; 
let its amplitude be H. Let the antenna have equivalent capacity C 
and inductance JL, let the coefficient of decay be b and the amplitude 
of the antenna current be J. Then 


Hw/L 
V4 go")? +4407} 3 
where g=1/LC, and w/2z is the frequency of the primary oscillations. 


The decay factor 6 contains a part due to radiation, say 6 , anda 
part due to resistivity. Let P be the power radiated, then 


EHwb,/L 
(G0?) +4070? 


Telephony by Scun?-Operaied Resistance in the Antenna. 

The part of the decay factor due to resistivity is made up of b,, 
due to the earth and wires, and of m due to the microphone. Thus 

b=b,+6,+m, 

and telephony is to be accomplished by varying m. Two main cases — 
arise: First, we may calculate the proportional change in the power 
radiated produced by a stated proportional change in m (for instance, 
1 per cent.), and find at what adjustments this is greatest; or, second, © 
we may calculate the absolute change in the power radiated produced 
by a stated proportional change in m, and find the optimum adjust- 
ment. ‘The former procedure is appropriate whenever great magni- 
fication.at the receiving end is possible and permissible ; the latter 
in the other and more usual event. 


- CasSE I.—The Proportional Change in Radiation to be a Maximum. 
In general dP. 8w*bdm 


Po (G= uF 4b%# ) 
This has its largest value when g=w2—that is, when the ant_nna 
is tuned to the primary frequency. With this adjustmen: 


dP 2m dm 
PE ETS OG 
“Since dm/m, the proportional change in the microphone resistance, 
has a stated value, the proportional variation of radiation is greater 
the higher the resistance of the microphone. It should, however, be 
noticed that increasing the resistance of the microphone diminishes 
the amount of energy radiated. 


CasE I].—The Absolute Change in Radiation to be a Maximum. 
In general ap SH?a'bb,dm | 
; L§(g—w*)? +4670? }? 
This is a maximum when g=.*. . With this adjustment 
E?b;m dm 
205 eit 


aP= 
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Since dm/m is given, the consequent absolute change of radiation 
is greatest when 


d th 2 
an en dPa tt P dm 
and | Eb, 

~ 9L(by-+bs)? 


In words, the antenna should be tuned to the source of oscillations, 
and the microphone’s average resistance should be one-half of the 
~ resistance of the antenna, before its insertion. 


Telephony by Sound-variation of the Capacity of the Antenna. 


® Since g=1/LC we have to deal with variations of g There are 
two cases as before. 
Casze I.—The Proporti nal Change in Radiation to be a Maximum. — 

Here dP —2(g—w?)dg 

P. (g—«?) +467" 

For a stated value of dg/g (which equals—d_ /_ ), the proportional 

variation of radiation is greatest when 
ga? +4b? + Qu. 

That is to say, the antenna mus _ be tuned either to a higher or a 
lower frequency than that of the source. Telephony is then carried 
on at one of two very steep parts of the resonance curve shown in 
Fig. 15, p. 88, such as P or R. Obviously, at these points, a slight 
change in the abscisse, which =./g, has here a great effect. 

With this adjustment, 

dP. (wt de 
Bee Ds LO 

As a numerical example, suppose 6=0-05w, as may happen in 

practice, then 


g==0%(1+1/10) 
and dP LA2 20 
—=— +10, 1+ — = 
preMe ig) 

The antenna must be tuned to a frequency about 5 per cent. 
higher or 5 per cent. lower than that of the source of oscillations, and 
1 per cent. increase in capacity produces about 12 per cent. increase 
in radiation at the higher frequency, or 8 per cent. decrease at the 
lower. 

Case IIl.—The Absolute Change in Radiation to be a Maximum. | 

In this case the equations become cumbrous. Approximately the 
antenna should be tuned according to the equation 

— 244 62 ieee: 
J=w 3 mee 4/3 Gs 
and with this adjustment j 
dP 0-43" (17 2-04 \P 
eet i( fare ays 
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_ Suppose b=0-05w, then 
g==w'(1+ 0-058) 


d dP dc 
ge S =(+7-88 or — 9:84) = 


according as the higher or lower frequency is chosen for the antenna 


DESCRIPTION OF METHODS AND PLANT. 


Among the early workers on wireless telephony may be mentioned 
V. Poulsen, E. Ruhmer, R. A. Fessenden, Lee de Forest, Colin a-d 
Jeance and Mercier, and Majorana. It is not necessary to describe 
here the apparatus of all the above inventors, or of the many others 
who have recently devoted attention to the subject ; it is sufficient 
to describe examples that will exhibit the diversity of methods and 
means. 


Antenna 
— 
C3 
Sending. ~ Receiving. 
A, arc; M, microphone. D, detector; T, telephone. 


Fia. 406. 


PovuLsen’s EXPERIMENTS. 


The earliest experiments in wireless telephony over long distances 
were those of Poulsen, using his are for generating sustained oscilla- 
tions. The circuits used in telephoning between Copenhagen and 
Berlin are shown diagrammatically in Fig. 4.6. 

The microphone was a multiple instrument comprising five or six 
carbon cells arranged in parallel, and with all their ae bee 
upon simultaneously by the voice. 


FESSENDEN’S EXPERIMENTS. 


Fessenden experimented between Brant Rock and Jamaica, N.Y., 
a distance of 200 miles, in 1908. A 7H.P. alternator was used. It 
was of inductor type, the rotor being a pair of slotted steel dises 
12 in. diameter running at 16,000 revs. per min., giving a frequency 
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of 80,000 cycles per second. The armature leads were connected to the 
antenna and earth, and, by tuning, the resonance voltage on the 
antenna was built up to 25,000 volts. The energy radiated was 
about 700 watts, while the current in the antenna was nearly 8 am- 
peres. The microphone possessed water-cooled plates between 
which were the carbon granules, and a plate of platinum midway 
between the cooled plates formed the electrode that was moved 
by the diaphragm of the transmitter. This microphone is said to 
have carried 10 amperes. A condenser microphone was also used ; 
it consisted merely of a two-plate mica condenser with the front 
plate moved by the diaphragm of the transmitter. This condenser 
was used in shunt across the inductance in the antenna. 

During these experiments Fessenden attempted to solve the prob- 
lem of simultaneous speaking and hearing. A tuned artificial 
antenna was employed, and connected so that the speech currents 
variations were the same in it and the actual antenna and come 
pensated each other in the local receiving circuits. The incoming 
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Fic. 407.—CoLIn AND JEANCE ARGS. 


waves, on the other hand, affected only the aerial wires. No state- 
ment by the inventor has been found regarding the ease or difficulty 
of carrying out the adjustments. 


EXPERIMENTS OF COLIN AND JEANCE. : 
Some successful experiments were carried out in 1908 by V. Colin 
and M. Jeance, using a modified Poulsen apparatus. 


In Fig. 407 A is the armature of a continuous-current dynamo, C are 
choking coils, D is a rheostat, and a the Poulsen arcs arranged in series 
and burning in a tight box full of hydrogenous gas. The armature of 
the dynamo is driven at constant sp2ed and the voltage regulated by 
varying the excitation at B. Following Poulsen, the arcs are formed 
between copper electrodes, d, and carbon electrodes, e, and are struck 
and regulated simultaneously by the handle h. ‘The coppers are cooled 
by liquid in tanks, E, provided with circulating pipes, but no magnetic 
field is imposed upon the ares. An inductanse capacity circuit is con- 
ducted across the arcs and becomes the seat of vigorous oscillations. 
The oscillations are passed inductively to a tuned intermediate circuit, 
and thence, again inductively, to the antenna. The microphone appa- 


459 


Handbock of Wireless Telegraphy and Telephony (Eccuzs). 


ratus is a series of many microphones allarranged at the base of a trumpet, 


so that all are attacked by the voice, and it is included in a circuit that 
is in’ shunt to a suitable amount of the antenna inductance, The only 
points claimed as novel by the inventors are the use in the arc of carbons 
of very small diameter and the use of an intermediate circuit ; but the 
apparatus is noteworthy on account of the successful experiments that 
were carried out with it. 

More recently (1914) Colin and Jeance have given details of some 
official tests. The circuits are seen in Fig. 408, where A is the prin- 
cipal oscillatory circuit, B is the intermediate circuit, and C is the 
microphone circuit. For transmission between Paris and Mettray, a 
distance of 200.km., the supply voltage was 650 V, current 4:2 A, 
P.D. across ares in series 350 V, antenna current 4°6 A, antenna 
current when microphones in circuit 3-2 A, current in microphone 


A 


Antenna 


Adjustable 
Choker Resistance 


XN 5 — = 
8 C 
: 22 
= = 

+ Choker [ = 
oni) 
Age 
| 


/| 
Earth 
Fia. 408.—CoLIn AND JEANCE CrRoUvITS. 


0-5 A, wave-length 985m. The arc carbons were 1-5 mm. diameter, 
the atmosphere was a mixture of acetylene (from calcium carbi . 
and water) and hydrogen (from calcium hydride and water). The 
microphones were nine in number, acted upon simultaneously by. a 
megaphone. Two such microphone groups were employed alter- 
nately, one cooling while the other was in use. For passing from 
speaking to listening the oscillatory current was broken and a resis- 
tance (not shown in the figure) automatically inserted to compensate 
for the drop in voltage across the arcs. 3 


VANNI’S EXPERIMENTS. 


J. Vanni succeeded in 1912 in telephoning from Cento Celle, near 
Rome, to Tripoli, a distance about 1,000 km., using an arc with a 
liquid electrode and a liquid microphone. 
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Fia. 40).—VANNIs Liqgcrp MIcRoPHONE. 


Fig. 410.—VANNI'S CONNECTIONS. 
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The oscillations were generated by means of a Moretti ‘‘ deflag- 
rator.” In this the discharge takes place between a copper plate 
and a jet of acidulated water, the discharge path being, as usual, in 
shunt to a capacity-inductance branch. As used by Vanni the jet 
was very fine and rose vertically till it reached the copper anode, 
which was fixed with its plane face horizontal. A voltage of 600 V, 
applied through suitable resistances and choking coils, gave an 
antenna current of 12 A. 

The essential portions of the liquid microphone are shown in 
Fig. 409. The mouthpiece Z leads directly to a chamber, C, closed by 
a membrane, MN, which carries a lever, OHA, of which the termina- 
tion A is a light inclined plate. The opposed plate Bis fixed. A jet 
of liquid (usually acidulated water) falls from the ebonite tube T, and 
flows between the plates, the circulation being maintained by a 
pump, R, which keeps up a head equivalent to 4 or 5 metres. The 
thickness and electrical resistance of the film of water passing 
between the plates is varied by the vibrations imposed on A by the 
voice, and thus the high-frequency current passed from H to P is 
affected in amp itude in accord with the sounds acting upon the 
membrane MN. In Fig. 410 the electrode is set into greater motion 
than in the last case by means of a diaphragm MN, which is moved 
by magnets E that are energised (via the transformer PS) by a 
carbon microphone H and battery. The antenna is here shown 
connected in series with the microphone,~but the coupled circuit 
in which the oscillations are generated is not shown. 


Quenched Spark Methods. 
DitcHam’s EXPERIMENTS. 


The apparatus designed in 1913 by W. T. Ditcham, and used over 
a range of 55 km. may be taken as typical of modern methods of 
utilising rapid spark discharges for wireless telephony. The dis- 
charge took place across a number of quenched gaps arranged in 
series and shunted by an inductance-capacity branch, the supply 
current being direct. Carbon microphones were employed, and 
silicon arsenic detectors were found best for reception. Successful — 
speech was, on occasion, conducted at 75 km. distance. 

A discharger consisted of two close parallel discs, of which one was 
rotated, enclosed in a hydrogen-filled chamber; the cathode was of 
aluminium, the anode of copper and steel. Four of these were 
arranged in series and supplied with 1:5A at 1,000 V. With a 
shunt capacity 10,800 e.s..units the effective antenna current was 
8 A in an antenna consisting of four wires about 100 m. long at an 
average height of 30 m., the wave-length being 550 m. 

Later, small electrodes of hard bronze were used in a flow of 

carbon dioxide released from a pressure cylinder. This assisted by 
cooling the electrodes and by forming a hard crystalline insulating 
surface on the electrodes which made a very short. -gap possible 
without short-circuiting (U, K. 14,927/1913). 

Two microphones used in series in the antenna were ‘acted upon 
simultaneously by the voice. Four such pairs were mounted on a 
turn-table, so that the movement bringing successive pairs to the 
speaker’s mouth switched them..into.-circuit ;_ by using each pair 
about two minutes continuous speech could be maintained for hours 
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without overheating any of the microphones. The usual autor 
switch was provided for changing from speaking to listening. : 


*°'T. Y,K.”? Meruop. 


A system of radio-telephony, known as the “ 'T.Y.K.,” has been 
in use for some time on Japanese ships, apparently with considerable 
success. The novelty of the system, due to Messrs. W. Torikata, 
E. Yokoyama and M. Kitamura, appears to lie largely in the elec- 
trodes which are used for obtaining the oscillating arc. Instead of 
carbon and metal, electrodes are used consisting of such conductors 
as aluminium, silicon, ferro-silicon, carborundum, boron, and 
- minerals such as graphite, meteorite, magnetite, iron pyrites, copper 
pyrites, bornite, molybdenite, marcasite, native copper, &c. (see 
p. 259). The ends of the electrodes may be points or plane surfaces 
of small area, larger planes, such as those used in the Telefunken or 
Lepel gaps, being quite useless and rather inconvenient for practical 
use. It is stated that the polarity of the electrodes has a great 
influence upon the steady action of the are. . The most practical forms 
of the apparatus employ a 500-volt discharge between magnetite 
and brass, with a large shunt, capacity and small inductance. The 
antenna is closely coupled and obtains a current of about an ampere, 
Like most quenched spark methods the speech quality is poor. 


‘THE THREE ELECTRODE TUBE IN WIRELESS TELEPHONY. 


The three electrode tube has been used at the sending end as a 
generator of the oscillations to be passed to the antenna, and as an 
aid in controlling the amplitude of the oscillations by the voice, 
and also in both functions simultaneously. The modes of varying 
the amplitude (or wave-length) by the voice are very diverse as will 
be seen from the examples that follow. 

- At the receiving end the thermionic tube has been used, as in 
telegraphy, both as rectifier and amplifier. The great perfection 
attained by the modern amplifier, for radio frequencies as well as 
for audio frequencies, has made very great telephonic ranges possible. 

In the autumn of 1915 the Washington Navy Department  suc- 
cessfully experimented with a wireless telephone from Arlington 
(Virginia) to Mare Island (California), a distance of 2,500 miles. 
Successful experiments were also made in telephonic conversation 
over the regular wire from New York to Arlington, where. the 
conversation was automatically transferred to the wireless apparatus 
and transmitted to Mare Island. 


Earlier Experiments and Apparatus. 

A description of A. Meissner’s method of generating oscillations by 
means of a’ double anode tube is given on p. 247. If the circuit. 
marked I be made the antenna and if a suitable sound-varied resis- 
tance be included in the circuit, telephony can be accomplished over 
short distances with ordinary detectors and connections at the re- 
ceiving end, In January, 1913, A, Meissner worked over. 36 km. 
with a wave-length of 600 m., and a plate-filament voltage of 440 V 
the antenna resistance was 7 Q, the current 1:3 A, the power 12 Ww 
The cathode was oxide-covered and the gas highly ionised, 

In specification 13,248/1914, Marconi’s Wireless: Telegraph: Co, 
and H, J. Round disclose suitable connections for. effecting 
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telephony by aid of oscillations generated by vacuum tubes. These 
are shown in Fig. 411. The microphone M is in an intermediate 
oscillatory circuit, which is excited by a generating tube V, operating 


Fic. 411.—Marcontr Co. AND Rowunp. 


in®the manner described previously.. The intermediate circuit is 
also coupled inductively with a three-electrode tube of large dimen: 
sions arranged for amplifying the oscillations in the microphone 
circuit. By adjusting the steady poten- 
tial acting at the control electrode of the ~ 
second tube, it is possible to arrange that 
uniform oscillations applied to it have no 
effect in the anode circuit, and then only 
the microphonic variations are magnified: 
If this be done, it is said that the second 
tube may be made the same size as the first. 
Alternatively, the microphone circuit may 
be arranged between the two coupled in- 
ductances belonging to the generating 
circuits of tube V and the second tube 
omitted. 5 

The Marconi Co. supplied in 1915 sets 
delivering 0-6 A to the antenna, guaranteed 
for 50 km. between ships at sea, using a 
carbon microphone in series with ~ the 
antenna. The supply current is 15 mA 
at 500 V. 


GENERAL ELEctrRIC APPARATUS. 


A. Langmuir has applied his vacuum 
tube with third electrode (the ‘‘ pliotron ”*) 
in a manner. different from those just 
described. By aid of a large tube ‘it is 
possible to cause the current obtained 
Fie. 412.—“ Priorron’’ from an ordinary microphone to control 
FOR RADIOTELEPHONY. about 2 kW in an antenna. There are 

many arrangements by which this may ‘be 
accomplished. For example, a 2 kW Alexanderson alternator 
(100,000 cycles) may be loosely coupled to the antenna. and‘ the 
anode of the pliotron may be connected to a’ point on the antenna: 
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where the potential is normally high. As long as the potential; on 
the grid of the pliotron is strongly negative, no current flows to the 
anode, and therefore the full energy is radiated by the antenna. 
If, however, the negative potential on the grid is decreased, a 
‘sufficient current may be drawn from the antenna to damp 
strongly the oscillations and thus greatly decrease the energy radiated. 
With sufficiently high potential on the grid, practically the whole 
af the energy may be diverted from the antenna. 

A tube suitable for this work is shown in Fig. 412, and its 
characteristic curve is given in Fig. 413 for an anode potential of 
8,500 volts. Large anode potentials make grids of fine mesh 
possible, and it is easy to use an adjustment at which a volt change 
in grid potential causes an increase of 2 milliamperes in anode cur- 
rent. There is no sluggishness even at the highest frequencies used. 


Current to Plate (milliamperes). 
50 100 150 200 250 


Potential on Grid (volts). 


— 400 


pot -t ol PE EHE 


- Hig. 413.—CHARACTERISTIC CURVE OF A LARGE PLIOTRON. 


In telephony the changes of the grid potential are brought about 
by connecting the secondary of a telephone transformer between the 
grid and the filament, and placing in the primary an ordinary micro- 
phone transmitter and cell; it is possible to arrange that the micro- 
phonic current variations, produced by the voice, develop variations 
of more than 100 volts at the grid, and thus control the radiation 
from the antenna. 

A simple method of connection is shown in Fig. 414, taken from 
General Electric Specification 14,769/1915 ; the currents from a 
microphone 13 are transformed to vary the voltage of the grid 10. 
The high-frequency current from the machine 3 passes through the 
tube and is therefore given acoustic variations which are radiated 
by antenna 1. In specification No. 24,388/1914, again, an applica- 
tion of the pliotron is communicated by the General Electric Co. 
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of/America. One mode of carrying out the invention is seen in Fig. 415. 
The electron discharge tube 6 has a hot-filament cathode 7 heated 


by a battery 8, acontrol grid 9, and two anodes5, The control circuit — 


includes the secondary of a transformer 12, whose primary is supplied 
with the sound-varied current. The repeat circuit includes a large 


part 4 of the antenna inductance, so that when the antenna is — 


Fic. 414, 


excited by the high-frequency generator 2, via transformer 3, a large 


alternating P.D. exists between the ends of coil 4. On account — 
of the unilateral conductivity of these tubes, this special scheme — 


of connections is advantageous. The middle of coil 4 is connected 
to th> cathode 7, and thus the alternating P.D. in 4 tends to cause 


Fie. 415, 


current to flow from alternate anodes to the cathode. In the Figure — 


resistances 15 are included in the repeat circuits, and a potential 
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divider 13 in the controlcircuit. The action of the apparatus is as — 


follows: The microphone currents impose voltage variations on the 


-grid, which is maintained near the optimum voltage by the potential — 


divider, and the antenna coil 4 thus finds itself in shunt with a 
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variable resistance; and thus the radiated energy of the wave- 


length normal to the aerial varies in accordance with the original 
microphone currents. 

Instead of using an arc or alternator as a source of high-frequency 
current, the pliotron may also be used as generator of the oscilla- 
tions, <A sixgic pliotron may be used for producing the oscillations 
and for controlling the amplitude of the oscillations by aid of a 
microphone. But it is usually preferable to use a large pliotron for 
producing the oscillations and to connect a small pliotron in the grid 
circuit of the large pliotron for controlling the output of the latter. 
Since the pliotron for producing oscillations requires comparatively 


— high direct-current voltages, it has been found convenient to combine 


the pliotron oscillator with a kenetron rectifier. Two types of this 
arrangement have been in use. 

In the first outfit, which is a small outfit giving about 20 watts to 
the antenna, the source of power is the local city supply, which is 


118 volts, 60-cycle alternating current. This is connected with the 


primary of a small transformer having two secondary windings. 


‘One of the secondaries is designed to give about 5 volts for heating 


the filaments of the kenotrons and pliotrons. The other secondary 
is wound to give about 800 volts. This is rectified by means of a 
kenotron and serves to charge a condenser of about 6 »F. In this 


way a source of high voltage direct current is obtained. The plate 


of the pliotron oscillator is then connected to one-ef the terminals of 


- the condenser, while the filament is connected to the other. The 


plate of the second pliotron is connected to the grid of the first, while 
the grid of the second is coupled to the microphone circuit by means 
of a second small transformer. 

In the second outfit, which is suitable for use up to 500 watts or 
more, the high voltage direct current is obtained from a small 
2,000-cycle generator. The current from this is transformed up to 
about 5,000 volts, rectified by kenotrons, and smoothed out by means 
of condensers. By the use of 2,000-cycle alternating current instead 
of 60-cycle, it is possible to store up large quantities of energy, and 
thus obtain with condensers of moderate size as much as a kilowatt 
or more of power in the form of direct current. This high voltage 
direct current is then used as before to operate a pliotron oscillator, 


the output of which is controlled by means of a small pliotron con- 


nected to the microphone transmitter. 

By means of this system of control the amount of energy in the 
microphone transmitter circuit need be no larger than that com- 
monly used in standard telephone circuits. It has thus been found 
possible to connect up this radio-telephone outfit with the regular 
telephone lines, so that conversation may be carried out between 


two people, both of whom are connected with the radio stations by 


means of the regular land lines. 


More Recent Designs. 
De Forest PLANT, 


L. de Forest describes in Specification 101,415 the scheme of 
connections shown in Fig. 416. Here the oscillatory circuit 9, 10, is 


-arranged in the ultraudion manner, the high voltage being supplied 


by D.C. machine 8. The microphone 13, which is in series with a 
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-resistance 12, varies the potential of the grid 3, and therefore the 
power of the oscillations in the circuit 9, 10. 


4 KW. OScILLION TELEPHONE AND TELEGRAPH TRANSMITTER FOR 
AEROPLANES MADE BY TrE DE Forest RADIO TELEPHONE & 
TELEGRAPH Co. 

This is a combination telephone and telegraph transmitter using 
undamped waves. 

The power plant consists of a special stream line generator en- 
closed in an aluminium shell, direct-driven by a two-bladed wooden 
propeller; 18 in. in length. In the fore part of the frame is a double 
commutator generator, generating 1,500 volts at 4,500 revs. per 
min. Behind this on same shaft is a 35-volt 75-watt generator for 
the lighting filament. A cable containing six conductors for current 
supply and field controls leads from the tail of the generator frame 
to the voltage control box, where a special vibrating contact operated. 
by a solenoid in series with the B circuit controls the B field by 
cutting in and out aresistance. By this arrangement the B(7.e., plate) 
voltage remains sufficiently constant under great variations of speed. 


Fia. 416. 


The generator is intended to be mounted on the upper plane of 
the aeroplane directly above the fusilage. The control box is located 
within the fusilage, as is also the brake lever. This latter, by means. 
of a Bowden wire, applies an asbestos-covered friction brake to the 
propeller. This brake is to be used when the aeroplane is going at 
very high speed, as when diving. It is advisable, moreover, to bring 
the generator to a standstill by means of this brake whenever the 
apparatus is not being used. 

The transmitter panel carries three indicating instruments in- 


dicating the filament amperes, the flux milliamperes and the radiation _ 
amperes. The 6-in. bulb is very flexibly mounted on spiral spring 


supports. The inventor distinguishes large audions by the name 
** Oscillion.”” On the back of the panel are mounted a litzendraht 
wire helix having six contact points, permitting various changes 
of wave lengths. 

The filament ampere meter gives the operator all necessary 
information as to speed and voltage of generator, and he controls 
same if necessary by means of the friction brake above described. 
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There is provided a double antenna reel with 250 ft. of special — 
antenna wire on each. This wire breaks at 30 1b. pull, so that if 
it catches it can cause no danger to the aeroplane. ‘Tests have 
shown that a larger capacity than that furnished by a single antenna 
wire is of great advantage. Each antenna wire leads off to the 
bottoni of the aeroplane through a flexible soft rubber tube, so that 
the wire may be led out from any desired point of the aeroplane. 
A 1-lb. lead weight of stream line shape is suspended from the end of 
each antenna wire. This weight is sufficient to start pulling the 
wire out. It is recommended that a special system of small copper - 
wires be placed around the frame of the aeroplane to give as large a 
conducting and capacity surface as possible so as not to depend: at 
all upon the steel stays of the aeroplane frame. The “ counter- 
poise” connection of the panel is made to these counterpoise wires. 

The generator weighs 40 lb., the panel and bulb 27 lb. and the 
total weight is 81 lb. 

With two antenna wires 250 ft. long extending from the wing 
tips or extremities of the fusilage of an aeroplane, and when using a 
suitable counterpoise of copper or bronze, entirely independent of 
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Fig 417. 


the bad damping effect of the steel guides of an aeroplane, the 
range of this {kW telegraph set is stated to be 100 miles. The 
telephone range is 20 to 35 miles. 


GENERAL ELECTRIC PLANT. 


The General Electric Co., in Specification 15,237/1915, describe 
a method of producing continuous oscillations and of varying their 
amplitude as desired. In essence, the variations are produced by 
varying the voltage applied to the anode. A three-electrode valve 
is used. Fig. 417 illustrates the method. The coupling between 
9 and 10 is close, while that between 11 and 12 is usually very loose. 
The battery 13 is employed for adjusting the voltage of the control 
electrode to its best value. The oscillations produced continuously 
in the antenna by retroactive action on the control electrode through 
transformer 11, 12, are of an amplitude determined by the source of 
E.M.F. 8, plus or minus the E.M.F.s induced in winding 16 by 
microphonic currents traversing the winding 17. A modification 
of these circuits is easily arranged. by interposing an amplifying 
valve between the microphone circuit and transformer winding 16. 
With this arrangement it is possible to omit the high-voltage source 8 
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and to transmit speech by the application of only the transformed 
microphonic voltages of the anode, the filament being now heated 

by its own low voltage battery. It is claimed that cumulative 
effects of audio frequency take place in these circuits by retroaction 
through 11 and 12. With proper adjustment this may be useful 

in exaggerating the variations imposed directly by the microphone, | 
but under some conditions it is said the effect may become so great. 
as to impair articulation. Itisdesirable to adjust the voltage on the 
grid 5 so that the amplitude of oscillations produced is not the 
maximum possible under the applied voltage 8, for then a positive 
or negative change of anode voltage produces proportional rise or 
fall in the amplitude of the oscillations generated. 
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Another General Electric method of controlling the antenna — 
current by the voice is shown in Fig. 418, taken from Patent Specifica- 
tion 102,709. From the connections shown it is plain that large 
amounts of energy can be controlled by a single microphone. The | » 
four relays 6’, 7’, 8’, 9’, have each two plates 9, the left-hand plates . 
being connected in parallel to one. end of the secondary of the | 
transformer 5, the right-hand plates being connected in parallel to 
the other end of the secondary. Resistances 29, shunted by con- 
densers 31, are arranged in series with each plate. The filaments 
are connected at different points of the high voltage battery 22, 
and thus the P.D. between grids 10 and filament varies progressively 
from tube to tube. As the potential produced by the transformer - 
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20 rises in accord with the microphone current, the conductance of 
- the tubes, as measured between plates, is varied in succession. The 
total variation affects the high frequency current from the machine 
through transformer 5. 


WESTERN ELECTRIC PLANT. 


A sending scheme and a receiving scheme are snown in Figs. 419 
and 420 from Specification 102,503 of the Western Electric Co. In 
Fig. 419, the r.f. generator 1 and microphone 2 induce currents 


Fie. 419. . 


- in circuit 5, and these currents affect the grids of audions 9 and 10, 
through which amplified currents flow; and influence the circuit, 23 
through the primaries of 23, The oscillations in this circuit are 
amplified by the valve 27 and handed to the antenna. In Fig. 420: 
the oscillations are received on antenna 31, handed to the secondary 


41 


il 


of 
Fia. 420. 


circuit 32, amplified by valve 34, compounded in 36 with r.f. 
current from 37, amplified in audion 39, and heard in telephone 41. 
According to the specification, if the frequency of generator 1 in 
Fig. 419 is n and the mean speech frequency f, the resultant oscilla-. 
tions in circuit 5 may be resolved into three components of fre- 
quencies n— f, n, n+f; and when either of the frequencies n—f or. 
n-+f is received, the speech frequency is obtained if generator, 37- 
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is of frequency n. The circuits 17, 18, 23 and the aerial in Fig. 419 | 
and aerial 31 and circuit 32 in Fig. 420 are all tuned to one of the 
frequencies n—f or n+/f. The specification proposes further to 


hs 
N 


Fig. 421. 


arrange audions as current-limiting devices between the antenna 
and the receiving circuits, to prevent the energy reaching the 
receiving circuits becoming excessive even when they remain con- 
nected during transmission. 
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SPECIAL DEVICES. 
Breaking-in. 

A scheme of connections for facilitating breaking-in by operators 
is shown in the General Electric Specification 9,720/1915. The 
antenna is switched from sending to receiving by the action of the 
voice. In Fig. 421 the switch 3 is connecting the antenna | to the 
receiving circuits, in which tube 6 is used merely as a rectifier for 
telephone 12. When the operator speaks into the microphone 27 
the speech currents are transformed by 35, amplified by tube 28, 
transformed again by 37 and amplified by tube 29. After this 
two-stage amplification the augmented current flowing into plate 32 
from the d.c. machine 17, can operate relay 33, which closes a 
switch to operate relay 40. This brings into action two relays 
arranged in parallel, of which 23 brings the generating tube 14 into 
operation by closing its grid circuit, while 4 transfers the antenna 
from the receiving to the sending circuits, i.e., from 3 to 25. The 
tube 14 is now producing oscillations by retro-action and the speech 
variations in the current from the second amplifier passing through 
condenser 42 and contact 22 to the grid 21 impress themselves on 


Fiaq. 422. 


the oscillations. When the voice stops, the relays open, the relay 4 
opening last because arranged to have a considerable time lag. 

-L. de Forest in Specification 100,841 has described the use of a 
voice-operated light vane in the microphone mouthpiece, which 
closes a relay contact and changes over the antenna from the 
receiving circuit to the transmitting circuit when talking begins. 
By its aid breaking-in is made possible. 


Use of Alternating Current. 

Circumstances occasionally make it more convenient to {use 
alternating current rather than direct for heating the filaments of 
thermionic bulbs and for supplying the anode circuit. When, for 
example, an alternator of, say, 500~ , such as is often seen in wireless 
telegraph stations, is available, this may be used in various ways 
without making speech unintelligible. 

The General Electric Co., in specification No. 15,448 /1915, show 
devices for enabling alternating current to be utilised for heating 
the filament. In Fig. 422 the alternating current supply enters at 12, 
is transformed into winding 10, and the remaining connections to 
the filament are so arranged that the average P.D. between cathode 
and anode or between cathode and control electrode is independent 
of the heating E.M.F. at any instant. The resistance 13 is used 
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for adjusting the temperature of the filament. The h.f. supply 


to an antenna is shown in the figure as coming from a machine 2, 
and the circuit as a whole is designed for telephony, 17 being a. 


microphone. 


The ionic tube is thus connected to two points of the antenna. 
between which a high P.D. exists, and by its variations of resistance. 


under the stimulation of the microphone 17 alters the output of 


radiation. Its operation is most effective when in its normal. 


condition it wastes about 50 per cent. of the total r.f. energy. 
MAGNETIC RELAYS FOR CONTROLLING. 


A. N. Goldsmith has pointed out that many frequency changers 
(p. 232) lend themselves admirably to the trigger-like control of. 
output desirable in radio-telephony. Some of them are very sensitive | 
to change in the tuning of the circuits employed in the intermediate 


steps. For example a simp'e means of controlling the output. 


acoustically consists in connecting a microphone in shunt to one of 


the condensers in the iron core type of frequency transformer. 
GENERAL ELECTRIC APPARATUS. 


The General Electric Specification No. 5,486/1915, exhibits a method’ 


of controlling high frequency current in a circuit by including in 


the circuit a variable inductance, in which changes are promoted 
by the use of a relatively small controlled current. The controlling 


current in the case of telephony will be a direct current varied by 


means of a microphone. The variable inductance in one type of 
apparatus consists of two iron core reactance coils connected in 
series with oppositely wound magnetising coils for carrying the 
controlling current. It is an advantage to give initial magnetisation. 
to the cores such that the controlling current shall act at a labile 
point of the saturation curve. The idea is shown in elaborated form. 


in Fig. 423, Here 1 is a source of h.f. alternating current inductively , 


connected by transformer 2 to the antenna 3, which includes in its 
circuit reactance coils 4 and 5 with core 6. The speech current 
coils are 7 and 8 and are connected in opposition. Hence it is 


possible to design so that there is no resultant h.f. E.M.F. induced. , 


in the circuit of coils 7 and 8. The combined inductance of coils 


4 and 5 will vary with the changes of magnetic reluctance, dictated. 


by the repeat current from the three-electrode tube 12,, to the 
control side of which the microphonic currents are applied by aid 
of transformer 15. | 
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Another circuit is described in patent Specification 103,842, from 
which Fig. 424 istaken. The parallel high frequency windings inside 
34 are shunted by a condenser, and have each in series a condenser 
of such capacity that the shunt condenser is a short circuit,for rf. 
currents and an open circuit for a.f. Winding 34 includes a recti- 
fying valve 71, and the secondary of a transformer, of which the 
primary contains the second magnetic relay 69. Circuit 72 carriesa 


Fie. 424. 


steady current which is modulated by a microphone through a trans- 
former, as shown in the sketch. Winding 68 is on the alternator. 
A magnetic controller of the type here used is shown diagrammati- 
eally in Fig. 425 and in section in Fig. 426. In Fig. 425 the flux 
‘due to the windings 2 follows the magnetic path 1, 3, and the flux 
due to winding 4 the two paths 1, 5, in parallel. *: In Fig. 426 the core 
is built up of composite plates formed of thin layers of magnetic 
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material, such as electrolytic iron, silicon steel or the scale obtained 
in the annealing of silicon steel, alternating with layers of insulating 
material. The composite plates 19, 23, 24, 25 are about 1/16th in. 
thick, and are held together with cooling spaces by a frame 27, 28 
and bolts 29. The plates 19 in the windings 20 are in the form of 
hollow rectangles, separated by end plates 22, which are interleaved 
with the plates 23, forming the vertical part of the controlling 
windings 26. The laminations of the plates 23, 24, 25, need not be. 
so thin as, those of 19. 


475 


Handbook of Wireless Telegraphy and Telephony (Eccuzs). 


Some further details of the mode of operation of the magnetic 
relays mentioned in the last three paragraphs will be found on 
page 332. 
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TE LEFUNKEN, APPARATUS. 


A method suggested by Arco and Meissner is shown in Fig. 427 
and a modification in Fig. 428. The antenna is excited by an 


Fig. 427. 


alternatorgand: a cascade of frequency raisers, of which the last 
unit is C (see pp. 236 and 409). The radio current divides between 
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the antenna 2 and the microphone 76. In Fig. 428, which is taken 
from U.K. Specification 29,946/1913, the relay action of the un- 
symmetrical impedances described on pp. 236 and 409 is utilised. 
The microphone currents, transformed by 83 into currents in windings 
73, 74, produce alterations in the saturation of the cores of unit C, 
and therefore alter the inductance of the antenna. This detunes the 
antenna, and if adjustments are so made that the steep portion of 
the resonance curve on one side only of the maximum is employed, 
great changes in the emitted radiation occur in accord with the speech 
currents. The six microphones 84, 85, 86, are shown in three 
parallel groups, each group having a ballast resistance 87, 88, 89, to 
help keep the direct currents and the loads equal, and each having a 
stop condenser 90, 91, 92 in series, 
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MICROPHONES. 


A microphone transmitter—or, as it is often called for brevity, a 
microphone—is an instrument containing a conductor of which the 
electrical resistance can be varied greatly by means of the rapid 
feeble alternating forces caused by sound. The conductor is usually 
a solid or a liquid. Numerous microphones have been invented ; 
only those that have been utilised, or are likely to be utilised, in 
radio telephony need be noticed here. Some have been described in 
the preceding eighteen pages. 


Microphones with Solid Active Conductors. 

The. most useful forms have the active solid as a loose mass of 
granules between two electrodes, of which one or both can be moved 
by the voice. The granular material is usually carbon or a refrac- 
tory metal. Carbon gives a large change of resistance with small 
change of pressure, and its negative temperature coefficient of resis- 
tivity tends to amplify current variations. Its surface is not subject 
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and platinum alloys have been used as a granular material (notably 
by 8. G. Brown), and they give greater volume and better articu- 
lation ; but ageing is more rapid. 

The carbon granule microphone usually possesses a fixed carbon 
electrode called the back and a parallel front carbon electrode, con- 
stituting or attached to a diaphragm which is directly acted upon 
by the voice. The space or cell between the two is occupied by the 
granules. These are commonly prepared from anthracite coal by 
baking selected crushings for 50 hours at 1,200°C. out of contact with 
air, 
The chief trouble in granular microphones is the tendency to 
settle into a rather compact heap, called “packing.” According to 
A. Brookes the chief cause of packing is irregularity in the size of the 
granules, the smaller ones tending to fill the interstices among the 
layers. Other causes are the presence of moisture, and, with soft 
carbon, the welding together of neighbours by high current-density. 


The temporary remedy for packing is to stir up the granules; but 


packing can be almost prevented by uniformity in size, the use of 
sharp-cornered granules rather than rounded ones, correct propor- 
tions between cell width and average diameter, and Ly ensuring the 
absence of moisture by hermetic sealing after drying. ee 


Egner and Holmstrém have constructed for long-distance line ) 


telephony a microphone in which the movable electrode is hori- 
zontal and of large area, and is suspended from the centre ‘point (said 
to be the point of greatest motion) of a large horizontal tight dia- 
phragm. They have also recommended the use of hydrogenous 
gases in the granule chamber. See also p. 459) 

Several designers (A. F. Collins, W. Dubilier) have described 
microphones in which the granules are between two equal parallel 
diaphragms, both of which are acted upon by the voice. Each dia- 
phragm is at the end of a nearly semi-circular tube, and these tubes 
unite at the mouthpiece. The results are said to be better than with 
the solid back microphone. The cell is sometimes water-jacketed, 
and then the granules can carry a larger current than before. 

J. B. Marzi, instead of trying to cool the carbon granules in situ 
renews them continuously by causing them to trickle between the 
electrodes. The granules flow from a funnel down a metal tube of 
which the lower end is one electrode. This end is expanded as a 
hemisphere into which a movable spherical electrode nearly fits. 

The granules trickle between the hemisphere and the sphere when- 
ever the latter is shaken. The sphere is on the end of a lever whose 
- other end can oscillate between the poles of an electromagnet. This 
last is energised by speech currents from an ordinary microphone ; 


_ thus the granules move only during speech. In another form the f 


tube is thick walled and is cut across so as to have an inclined plane 
section. A flat plate acts as the movable electrode, and the carbon 
granules caught between the plate and the walls of the tube act 
microphonically, With these microphones radio-telephony has been 
carried on between Brussels and Paris. ba” 
A. Jahnke and 8. Tate have described a microphone in which 
granular carbon or carborundum is contained in a cell with flexible 
top and rigid porous walls, Platinum-iridium electrodes attached 


to the top and the back ‘make contact with the granular material. — 
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to oxidation, and it is not easily welded or fused. Osmium, iridium 
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~The top vibrates under the impulse of the voice as usual, but the 


unusual porous sides allow a volatile liquid, such as alcohol, to pass 


into the space containing the granules. It is stated that the heating 
of the microphone can be allowed until vaporisation of the liquid 


sets in, and thus very large currents can be carried. 


: Microphones with Liquid Conductors. 


F, J. Jervis-Smith constructed liquid microphones before the days 


of radio-communication. In a form developed in 1879 the area, and 


therefore the resistance, of a small column of a liquid conductor was 


controlled by a glass valve attached to a diaphragm moved by the 
‘voice. In another form, of date 1892, a jet of conducting liquid fell 


on a platinum plate inclined at an acute angle to it, the jet being 
actuated by a vibrating diaphragm. It might be possible to move the 
plate instead of the jet. These liquid microphones give excellent 


smooth articulation free from grating sounds. 


F. J. Chambers described in 1910 a liquid microphone capable of 


handling 400 watts Fig. 429 is the crozs-section of a complete 
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Fia. 429.—CHamBErRS’ Liquip MIcROPHONE. 


instrument. D is a thin metallic diaphragm. clamped in contact 


-with a metal ring, D,, on an ebonite ring, Dj. E is a metal nipple 


supplied with conducting liquid, of which the flow is adjusted by the 
valve L; the overflow escapes along tube J. The head of liquid is 
3 ft. to 4 ft. The clearance between the diaphragm and the nipple 


‘is adjusted by rotating D, in its screw threads, the felt partition F 
allowing of this without movement of the mouthpiece ; electrical 
connection between the outside terminal and the diaphragm is main- 
tained by inverted metal U-springs between the metal ring D, and 
‘the fixed metal ring A, The other terminal is connected to the 
‘inflow tube and the nipple. The microphonic action is produced by 
variation of the thickness of liquid between the nipple and the dia- 
‘phragm ; and as the liquid is an efficient damping agency the speech 
‘reproduction igs very good and devoid of metallic timbre. The 
‘liquid is usually an electrolyte. 


In adjusting the instrument for ‘use in telephony, the rate of flow 


of electrolyte is altered while the high-frequency current is passing till 


the escaping liquid is running at a temperature not higher than 80°C. 
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A type of liquid microphone is described above in the account of 
the long-range apparatus used by J. Vanni p. 460 

A principle different from any of the above is utilised in whatiis. 
sometimes called the ‘‘ hydraulic microphone.” In 1886 Chichester 
Bell described how the capillary phenomena of a jet of water can be 
utilised to magnify sounds. He showed that a small disturbance of the 
cylindrical form of the jet near the nozzle from which it flows grows 
larger as the liquid gets further from the nozzle, on account of the in- 
stability of a long cylinder of liquid under surface tension. A very 
small disturbance near the nozzle, quite invisible, increases till it 
actually breaks the continuity of the jet a few inches from the nozzle. 
For example, a ticking watch held against the solid nozzle will produce 
at every tick a minute constriction on the jet, which rapidly deepens 
as the liquid moves, till the jet is cut through. Q. Majorana about 
1906, caused the jet to pass between two platinum electrodes, and 
used dilute sulphuric acid as the liquid. The glass nozzle was 
attached to a diaphragm like that of a telephone receiver, and thus 
the vibrations produced by the voice made constrictions on the*jet 


Fic. 430.—MicropHones IN PARALLEL. 


which gave rise to a beading of the jet between the electrodes, and 
these in turn cause variations in the resistance of a circuit comprising 
the electrodes. With this apparatus Majorana has telephoned 
between Monte Marie and Trapari, in Sicily, a distance of 500 km. 
(313 miles). 


Microphones with Gaseous Conductors. 

A number of inventors have suggested the use of flames for micro- 
phonic purposes (Blondel, Fiorentino, Chambers). The “ mano- 
metric flame ”’ experiment familiar in acoustics is usually invoked, but 
other kinds of sensitive flame also offer themselves. The simplest. 
form of manometric flame apparatus would consist of the usual 
mouthpiece and diaphragm, with a chamber for a combustible gas: 
on the other side of the diaphragm. Gas would be led in by a tube 
and out at a jet where it could burn. On speaking into the mouth- 
piece the jet would exhibit (if examined in a rotating mirror) varia- 
tions in length corresponding to the movements of the diaphragm. 
It has been proposed to project the flame horizontally between a 
pair of converging electrodes, so that the resistance of the gas path 
should vary in accord with the sound vibrations. 
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Operation of. Microphones in Parallel. 

R. Goldschmidt has given in specification No. 15,915/1912, a 
method of enabling microphones to be worked in parallel satisfac- 
torily. As it is impossible to make two microphones that will re- 
main perfectly alike electrically, it has hitherto been advantageous to 
use microphones in series. Goldschmidt’s invention overcomes the 
difficulty for a pair of microphones by putting in series with each . 
microphone a coil so wound that the surging of the compensating 
currents, which always arise through unequal operation of the in- 
struments, is prevented by the mutual inductive action of the coils. 


Fic. 431 .—MicRopHONES IN PARALLEL. 


Fig. 430 shows the arrangement: M, M, are the microphones, and’ 
D, D, are coils wound oppositely on a common core. Equal currents. 
down the coils cancel each other’s magnetic field, but a circulating 
current would build up a field, and, therefore, experiences a great choking 
effect. When more than two microphones are to be connected in 
parallel they may be caused to work uniformly by pairing them and: 
applying the above method. 

But a more advantageous arrangement is that shown in Fig. 431, 
where coils D’, and D”, act on each other, and the remaining coils are: 
paired similarly. 

Still another method is given in the specification. A coil in series. 
with each microphone acts on one and the same secondary current. If 
the microphones operate unequally the presence of the secondary tends. 
to choke the circulating current ; if they operate equally the secondary 
current tends to neutralise the self-inductance of the coils. These 
methods promise to be of importance in radiotelephony. 
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COMMUNICATION BY ELECTRIC 
WAVES ON WIRES. | 


‘“ WIRED WIRELESS.”’ 


A new method of communication by electric waves, apparently 
destined to be of very wide~ utility, is that conceived and 
developed by George O. Squier. Waves along wires are em- 
ployed instead of free waves, but in other respects the apparatus 
used is, apart from the antenne, almost precisely the same 
as that familiar in ordinary radiotelegraphy and telephony. The 
wires along which the waves are guided may be the ordinary line 
wires of telegraph and telephone systems. The outstanding 
scientific advantage of the method lies in the fact that the energy is 
not radiated in three dimensions, but is concentrated upon the 
proper goal, and thus, unless the line resistance is great, large 
economies can be effected, at any rate up to distances of 30 miles. 


Telephony. 
The first experiments were made at Washington with an 
inductor alternator rated at 2 kW giving nearly pure sine 
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wave current of frequency ranging from 20,000 to 100,000 per 
second, Tests on local lines showed that there was no mutual inter- 
ference whatever between wave telephony and the ordinary line 
telephony. The connections for this kind of duplex telephony are 
seen in Fig. 432, where G is the source of sustained oscillations, c’L’ the 
tuning condenser and inductance, P the primary of the oscillation 
transformer, A a hot-wire ammeter, M a microphore transmitter, 8 
the secondary of the oscillation transformer, c and L the tuning con- 
denser and inductance (all three in the circuit leading to the line), 
and A’ is the hot-wire ammeter for registering the current sent 
into the line (usually 20 to 30 milliamperes). At the receiving 
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end similar letters appear, together with D the detector (perikon). 
It is obvious that duplex-diplex telephony is easily accomplished by 
aid of a second generator of oscillations. In Squier’s experiments 
the second generator was a Poulsen arc. The articulation in wave 
telephony was shown to be very perfect. 

Thus it becomes possible to superimpose on telegraph, telephone or. 
power lines a high frequency: method of telephony. Since the 
tuned electrical eurcuits at each end possess high selectivity it is easy 
to arrange for multiplex telephony. 


Telegraphy. 

By an exceedingly simple but very ingenious application of 
the methods and apparatus used in ordinary radiotelegraphy, 
these waves on wires may be employed on any existing line wire 
for the transmission of Morse signals. Sending may be accom- 
plished by means of a small buzzer exciting the circuits shown dia- 
grammatically on the left (Fig. 433!, The buzzcr contact forms the 
gap g, C, and C, are mica or glass condensers, C; in the receiving set 
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Fie, 433. 


is a variable air condenser. The secondary of the receiving set may, 
for simplicity, be made aperiodic. D is a detector, and a telephone 
receiver and voltage divider may be connected across D or across the 
block condenser. The field sets*made up by Messrs. Muirhead for 
army purposes have the coils P, S each 600,000 e.m. units, the con- 
denser C, is 0:01 pF with mica dielectric, the condenser C, is 
0-0006 pF with glass dielectric, and ©; is an air condenser variable 
up to 0:0015 pF. The telephone is of 8,000 ohms resistance. The 
wave-length i is about 1,300 metres, and the power consumed by the. 
buzzer is 0-07 watt. 

It. will be seen- that- the ordinary practice of radiotelegraphy is. 
applied, with the line wire regarded as replacing both sending and 
receiving antenne. The buzzer makes no disturbance whatever in 
the working of an ordinary battery telephone system, and thus a 
large number of such sets employing different wave-lengths could be 
used on the network ofacity. Fig.434 shows the apparatus with the 
front board dropped down. In the left-hand top corner is the 
tuning condenser and in front of this the telephone connections. 
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In the centre at the front is a two-way switch, one contact for sending 
and the other for receiving. Above this is a stepped inductance for 
giving any desired frequency, and then the terminals for the line and 
earth wires. Further to the right is the potentiometer, and the 
generator is situated at A with the tapping key in front of it. The 
»xtreme smallness of the generator is noticeable, being simply a 
buzzer, and the necessary energy is supplied by the three dry cells 
seen in the lower part of the case. For transmission over a distance 
of 30 or 40 miles this forms a marked contrast to the usual radio- 
telegraphic transmitter as regards size and output. 


Fic. 434, 
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It may be mentioned that by connecting a receiving circuit to the 
telephone lines of a city, and tuning it appropriately, any large power 
radiotelegraphig station not too far removed can be picked up. G.O,- 
Squier proposes to develop this fact as a means of receiving time 
signals without the use of an antenna—to mention only one possi- 
bility. This same method of receiving ordinary radiotelegraphic 


signals has been proposed by J. Erskine-Murray in British patent. 


No. 15,718/1911. 


[GuossaRy follows. 
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GLOSSARY. 


OF TERMS USED IN RADIO- 
TELEGRAPHY AND TELEPHONY. 


GLOSSARY. 


‘GLOSSARY. 


A.C. Abbreviation for alternating current. 

ABSORPTION, Exxcrric. See ‘“Soaking-in.” 

ADMITTANCE is the reciprocal! of Impedance (.v.). 

AERIAL. See * Antenna.” 

A.F. Abbreviation for ‘Audio Frequency ” (4.2.). 

AIR-WIRES. See ‘ Antenna.” ; 

ALTERNATING CURRENT—abbreviation A.C.—is one that flows 
first in one direction, and then in the other, periodically. 

ALTERNATION means, in electrical affairs, the act of changing sign. 
The term is sometimes used as equivalent to half a cycle (q.v. ). 

ALTERNATOR. A dynamo (¢.7.) supplying alternating current. 

AMMETER or AMPERE METER is a direct-reading instrument for 
measuring current. 

AMPERE, INTERNATIONAL—symbol A—is defined as the unvarying 
electric current which deposits silver at the rate of 0:00111800 
gram per second from a specified solution of nitrate of silver in 
water. 1 A=10-1e.m.u. nearly. 

AMPERE-TURNisa unit of magnetomotiveforce. Itis 41/10 gauss. In 
a solenoid winding the product of amperes and number of turns: 
expresses the M.M.F. in these units. 

AMPLIFIER. See ‘“Magnifier.”” The term “ Amplifier ” is usually 
applied to the type of magnifier employing three-electrode tubes, 
and consists of an essemblage of transformers and tukes cen- 
nected in cascade. It is styled 2 one stage, two-stage, or poly- 

stage amplifier according as one, two or many tubes are used. 

AMPLITUDE (in Visration). If the vibration is periodic the amplitude 
of the thing under consideration is the maximum value attained 
in any period; otherwise it is usually understood to be the 
largest value during the whole course of the vibration (e.g., in a 
damped vibration the amplitude may be taken as the mvximum 
value attained in the first half swing). In electrica vibration the 
thing under consideration is usually a current or a voltage. 

ANGULAR VELOCITY. See “Simple Harmonic Vibration.” 

ANODE is a positive electrode (9.v.). 

ANTENNA, AIR-WIRE, AERIAL, is an open oscillator (q.v.) for 
making or absorbing electric waves on a practical scale. 

ANTENNA CURRENT is the R.M.S. current at a loop (q.v.) of the 
electrical oscillation on the antenna. In the fundamental 
vibration the loop is near the earth connection. 

ANTENNA, DUMB, MUTE or ARTIFICIAL, is a circuit possessing 
inductance, capacity (and perhaps resistance), equal respectively 
to the equivalent inductance, capacity (and resistance) of an actual 
antenna. Signalling can be accomplished without altering the 
load on an oscillation generator by switching the generator on 
to the actual antenna, to make a dash or dot, and on to the mute 
antenna to make a space. Again, by adjusting resistance in & 
mute antenna till the current in it equals that given to the actual 
antenna by the same generator, the resistance of the latter can be 
measured. a 

ANTENNA RESISTANCE at a given frequency is defined as the 
quantity that multiplies the square of a sinoidal antenna current 
to give the power spent in the antenna. The power expenditure 
is due partly to Joulean loss, partly to radiation ; it vaties.greatly 
with the frequency. | : 
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ANTINODE. See “ Loop.” 

APERIODIC. See “ Non-Oscillatory.” 

ARC. The electric arc is an incandescent mass of gas or vapour, con= 
ductive at ordinary atmospheric pressure, formed partly by 
evaporation from the electrodes, and kept steadily at a high 
temperature by the current it carries. When the electrodes are 
carbon the negative electrode becomes pointed, the positive 
electrode becomes hollowed and is called the crater. ; 

ARC CHARACTERISTIC is the curve showing the connection between 
P.D. at the terminals of an arc (usually taken as the abscissee) and 
the current through it (ordinates). .When voltage and current 
are increased or decreased slowly while making the measurements, 
the curve is called the static characteristic, and is the same with 
rising or falling current ; when the voltage and current are varied 
very rapidly, the eurve is called the dynamic or kinetic characteristic, 
and the rising voltage curve is different from the falling one. 

The static characteristic has a negative gradient, hence an are is 
said to have a negative or falling characteristic. The dynamic 
characteristic is a curve enclosing an area. 

ARMATURE ora Dynamo. The part of a generator of electric current 
in which the E.M:F. to be utilised is produced by the relative 

» motion of lines of magnetic induction and conductors. The 
conductors are sometimes called “inductors,” and the iron part 
the “‘ core.”’ . 

ARMATURES or 4 Conpensur, The metal parts on which the electric 
charges accumulate. 

ARTIFICIAL ANTENNA. See « Antenna, Dumb.” 

ASYNCHRONOUS ROTARY DISCHARGER is one in which the 
instants of sparking have no fixed time relation with the alternat- 
ing voltage maxima. The spark rate is determined by the 
discharger and is usually higher than the A.C. frequency. 

ATMOSPHERICS. See “Xs.” - 

ATTENUATION of the electric or magnetic force or of the average 
energy density in electric waves, means that part of the reduction 
in strength with increase of distance traversed which is due to 
absorption or equivalent losses, as distinct from the reduction in 
strength due to geometrical divergence. In free space the: 
geometrical divergence of waves from a small source involves a 
diminution of the average energy density in accordance with the 
inverse square law; plane waves (e.g., along wires) suffer no 
reduction by divergence, but undergo attenuation. 

AUDIBILITY FACTOR. A measure of signal strength obtained by 
observing the resistance to be placed in shunt with the telephones 
of a receiving station to reduce the signals to unit audibility. 
Approximately, the audibility factor is proportional to the power 
absorbed from the signal waves by the receiving apparatus. Unit 
audibility is the strength of signal at which dots and dashes can 
just be discriminated. 

AUDIO FREQUENCY. A frequency falling within the limits of 
audition, i.e., between 40 and 20,000 per second. See “‘ Radio.” 

AUDION, the name given by L. de Forest to a vacuum tube detector 
which possesses a glowing cathode and has a steady E.M.F. 
permanently applied between anode and hot cathode. Latterly 
the name has been carried over to vacuum tubes containing a hot 
cathode and two cold electrodes. See “ Tonic Relay.” 

AAUTODYNE RECEPTION. See “‘ Endodyne Reception.” 

AUTOMATIC TRANSMITTER. An apparatus for operating a 
sending key mechanically. See “ Wheatstone Transmitter.” 

AUTO- TRANSFORMER is a static transformer in which the primary 
and secondary windings have a number of turns in common. 
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BALANCED DETECTORS. A term applied to an arrangement of 
opposed rectifying detectors for reducing the effects of strong Xs 
in receiving apparatus. The detectors must ‘be balanced for 
violent E.M.F’s, but not balanced for the moderate E.M.F’s 
due to the signals. 

BARRETER. A receiving instrument consisting essentially of a small 
mass of conducting material that is heated by the passage of an 
oscillatory current, and arranged so that the consequent alteration 
of electrical conductivity affects an indicating instrument, such 
as a telephone receiver or galvanometer. 

BEAT RECEPTION (or Interference Reception) is the process of making 
high-frequency oscillations received by an antenna audibly 
evident by combining with them other oscillations of suitably 
different frequency. The pitch of the beat is equal to the 
difference between the frequencies of the signal waves and the 
auxiliary oscillations. The auxiliary oscillations may be generated 
locally (as is usual) or at a distance. See“ Endodyne Reception,” 

. ‘‘ Heterodyne Reception.” 

BEATS occur when two oscillations of differing frequencies occur 
simultaneously in the same system. The gradual change of 
phase difference causes the amplitudes to be opposed at one 
instant, and to concur at a later instant, with all the intermediate 
stages in the interval; the time between two successive 
oppositions, 7.e., between two instants of minimum resultant 
amplitude, is called the time of a beat. The beat frequency is 
therefore equal to the difference between the frequencies of the 
two oscillations. " 

B-H CURVE isa curve connecting magnetic induction B ina sample of 
magnetic material, and the magnetic field H producing the flux. 
Veluesof H are usually taken asthe abscisse. See “ Hysteresis.” 


BILLI, Avrernativery Mrtirmicro—symbol b or mu—is the prefix 
placed before the name of a unit to indicate the submultiple 10-°. 

BREAK. An apparatus for producing sudden interruptions in the 
primary circuit of an inductorium or other type of transformer. 
In hammer breaks a head of iron on a springy shaft is attracted 
to a magnetised core and breaks a contact either behind it or in 
front of it. In mercury breaks the interruption is made by 
lifting an iron or platinum wire out of a pool of mercury. In 
mercury motor breaks, a rotating jet of mercury sweeps across 
fixed conductors. Commutators may also be regarded as breaks. 
In electrolytic breaks the current is interrupted by the formation 
of a gas or steam film by the high current density near a small 
anode in an electrolyte, or by the formation of a bubble in a 
small hole dividing two electrically-separated portions of the 
electrolyte. 

BRUSH DISCHARGE is a luminous, hissing discharge into a gas from a 
conductor charged to a high potential, especially from the points, 
corners and sharp edges. When occurring in condensers the effec- 
tive capacity of the condenser is increased, the period and damping 
of the circuit are both increased, and there is loss of energy. See 
“‘ Limiting Voltage.’ 

B.T.U: Abbreviation for Board of Trade Unit of electrical energy. 
1 B.T.U.=1 kilowatt-hour. 

BUZZER. An apparatus for testing radiotelegraphic circuits by 
impulsing them with rapidly interrupted current. It frequently 
consists of a bell-trembler mechanism, and then the interrupted 
current may be either the driving current of the trembler or an 
independent current passing through a contact made and broken 
by the trembler. 

B.W.G. Abbreviation for Birmingham Wire Gauge. 
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CALIBRATION or tHE ScaLe oF 4 MEASURING INSTRUMENT is the 
determination by experiment of a schedule _of values (best 
expressed as a curve) that enables any scale readings to be trans- 
lated into true values of the thing measured, For example, a 
uniformly divided scale on a hot-wire ammeter may be calibrated 
so that the scale reading may be translated into ampeles traversing 
the instrument, or into watts spent in a part of the circuit, or into 
volts at the terminals of the instrument. 


CAPACITANCE or CAPACITY. 
- (a) Capactry oF A ConpucTor. (Original Definition). 

The ratio of the charge to the potential of a conductor when at & 
great. distance from other conductors is constant, and is called its 
capacity. 

(b) Capacity oF 4 ConpucTor. (Maxwell). 

The capacity of a conductor is the ratio of its charge to its 
potential when all neighbouring conductors are at zero. If the 
position of neighbouring conductors or insulators be altered, 
then, in general, the value of this capacity will also ke altered, 

(c) CAPACITY BETWEEN TWO CoNDUCTORS. 

In everyday work the capacity between two insulated con- 
ductors is measured by giving a positive charge to the first 
conductor and an equal negative charge to the second, and 
finding the ratio of the charge on the first conductor to the 
difference of potential between them. Provided thet the two 
conductors and all neighbouring conductors are initialiy uncharged, 
this ratio is the same whatever the magnitude of the charges. © 
(From Physical Society Report.) = 


CAPACITY-EARTH, or Exrorrican CoUNTERPOISE, is a substitute for 
a buried system of earth wires or plates in temporary stations or in 
permanent stations where ordinary “‘ earthing ” is inconvenient. 
It may consist of a system of insulated wires supported on poles 
and radiating from the operating house or the power house to 
distances comparable with the length of the antenna. In ealcu- 
lations of wave length, &c., the effective capacity of this system 
of conductors, relative to the carth, is taken as if connected in 
series with the effective capacity of the antenna itself. The lower 
“carpet” of a Lodge-Muirhead antenna is a capacity earth, 


CAPACITY FREQUENCY FACTOR of a ccnderscr at a given 
frequency is the ratio cf the apparent capacity to the “ electro- 
static” capacity. For air condensers itis unity, for oils and certain 
flint glasses about.0-95, and for mica 0-7 at radio frequency. 


CATENARY. The curve in which a thin chain or flexible wire hangs 
under gravity. If the wire is uniform the equation of the curve 
may kewritten - at apes 

y = cosh ” 

c Cc 

CATHODE, or Karnopzg, is a negative electrode (q.v.). 


CATHODE RAYS in highly evacuated bulbs consist of streams of 
electrons (q¢.v.) projected from the cathode. The electrons may 
attain high velocity, the kinetic energy acquired depending on the 
potential they fall through, . 


C.C.. Abbreviation for continuous, unidirectional, steady, or’ direct, 
current. ais: 


C.G.S. or ¢.g.s. Abbreviation for a system of units based on the centi- 
metre, the gram and the second:::, .. Shai ate 


4S0 


GLOSSARY. 


CHARACTERISTIC CURVE of an arc, detector, &c., is a curve show- 
. ing the connection between the P.D. at its terminals ( usually taken 
as abscisse), and the current (ordinates) flowing under stated 
constant conditions. See “Arce Characteristic.’ The characteristic 
curve of a detector shows by its shape the approximate value of 

the local E.M.F. needed for greatest sensitiveness. 

When the P.D. is alternating the curve is drawn for effective 
values of P.D. and current, and is called the alternating-current 
characteristic. 

CHARGE on a Conpuctor is the quantity of electricity on it, and is 
positive or negative, — | oe 
" on A CONDENSER is the quantity of electricity on one of the 
armatures, and is signless. 

CHOKING COIL is a coil of low resistance inserted in an alternating- 
current circuit. to oppose by its reaction the E.M.F. existing in 
the circuit, and so cut down the current with relatively little 

wastage. In low-frequency work the windings have often an 
iron core; in high-frequency work an air core. _ 

CLOCK DIAGRAM, for a sinoidal current or voltage, consists of a line 

drawn from an origin so that its projection on an axis through 
the origin represents the current or voltage in magnitude at a 
given instant. The line is called a vector. In order to represent 
the variations in the current or voltage with time, it is only 
necessary to suppose the vector to rotate about the origin, ina 
plane containing the exis, with uniform angular velocity equal to 
2m times the frequency of the current or voltage. 

COATINGS of a condenser, synonymous with “ armatures.” 

COHERER. A species of contact detector. In the single contact kinds, 

- ‘the contact does not act pronouncedly as a thermo-junction, and 

- the material on one side of the contact at least must have a 
negative temperature coefficient of resistivity. Sometimes the 
contact is formed between two pieces of the same material, e.y., 
galena or carbon. The multiple contact kinds usually consist of 
metal filings between metal plugs. Coherers are always used 

with a steady E.M.F. in series, and if the resistance of the whole 
circuit is small enough, any transient increase of voltage produces 
a semi-permanent increase of conductance, just as if the two sides 
of the contact had cohered—hence the name. See “Filings 

. Coherer.”’ 

COMPASS, WIRELESS, or Direction Fiyper. Any application of 

directive telegraphy (q.v.) to the determination of the bearings of 
a sending station, 

CONDENSER. A pair of conductors more or less complicated, insulated 
from each other by a thin dielectric, and used for the temporary 
storage of electrical energy. A condenser may be viewed as a 
volume of dielectric suitably disposed for the temporary storage of 
energy in the electric form—the metal parts are merely con- 
veniently arranged conductors, The metal parts are usually 

called the armatures. 

CONDENSER TELEPHONE. A telephone receiver in which speech 
currents are applied to the armatures of a condenser, and produce 
motions in them by means of electrical attractions or repulsions, 

, thus causing sounds, 

CONDUCTANCE—symbol G—is the reciprocal of resistance. If the 

a resistance of a conductor is R ohms, its conductance is 1/R mho. ~ 

CONDUCTIVITY or A Marertar—symbol y—is the conductance of a 
unit cube, the measuring current being supposed to enter at one 
face and leave at the opposite, and to be uniformly dist-ibuted 

‘throughout the cube. It is the reciprocal of Resistivity. 
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CONDUCTOR. A material that conducts electric current. <A wire 
strip, bar, stranded cable or other conveniently shaped portion of 
conducting material whose chief purpose is to convey current to or 
from a piece of apparatus. 

CONTACT DETECTOR. A detector of which the operative part is the 
small portion of matter near a contact of small area between two 
conductors. The term covers Coherers, Thermoelectric Detectors, 

: Crystal Rectifiers. 

CONTINUOUS WAVE TetxcrapHy. See “Sustained Wave Tele- 
graphy.” a 

CONVERTER, ROTARY. A machine used for converting D.C. into 
A.C. or vice versa, by means of a common armature winding. 
Usually the machine has a D.C. armature winding with tappings 
to slip rings as well as to a commutator. It is sometimes called a 
Rotary Transformer. See ‘‘ Motor-Generator.”’ 

CORE or a Cuoxine Cor on TRANSFORMER OR ARMATURE is the part of 
the magnetic circuit within the windings. In low-frequency work 
the material of the core is usually iron; in high-frequency work 
it is usually air. 

CORE or an InsuLaTeD Caste is a conducting portion of the cable. 

CORONA. Asilent glow discharge at the surface of conductors charged to 
high potential in air (or other gas) caused by the occurrence of ionisa- 
tion in the gas near the conductor. The potential at which visible 
glow is just produced is called the “visual” or “‘initial”” voltage. 

COULOMB—symbol C—is the practical unit of quantity of electricity. 
It is the charge conveyed across a section of a conductor by an 
ampere flowing 1 second. 1C0=10-!e.m.u. nearly. 

COUPLED CIRCUITS are neighbouring circuits so arranged that vari- 
able current in one produces electrical] effects in the other or others. 

COUPLING, Cozrrictenr or—symbol &, In magnetic coupling 
between two circuits the ratio of mutual (or common) inductance 
to self-inductance must be calculated for each circuit and the 
geometric mean taken. [The geometric mean is the square root 
of the prcdrct.} Tn condenser coupling the ratio of mutual (or 
common) elastance to the total elastance must be calculated 
separately for each circuit and the geometric mean taken. 

COUPLING, Drcrez or. A modified coefficient of coupling intended 
to make allowance for the effects of logarithmic damping in 
coupled circuits. 

COUPLING, kinds of. Direct coupling is effected with, and indirect 
coupling without material conducting connection. Magnetic 
coupling is effected by the magnetic field common to the circuits, 
electric coupling by the common electric field. . 

Direct magnetic coupling is also called conductive, galvanic and 
auto- coupling ; and in this case the circuits have a portion of 
their inductances in common. Direct electric coupling is also 
called condenser coupling; and the circuits have a condenser in 
common. Indirect magnetic coupling is also called inductive 
coupling ; it is effected by the mutual inductance between two 
coils of the circuits, and is the most frequently used method of 
coupling. Indirect electric coupling is rarely used; it is accom: 
plished by linking a condenser of one circuit to a condenser of the 
other by connecting the upper armatures together through a 
condenser, and the lower armatures throu gh another condenser. 

Combinations of the above methods can be used. ‘ 

COUPLING TRANSFORMER, or OsciLLaTIoNn TRANSFORMER, is the 
name given collectively to the interacting parts of two coupled 
circuits. It consists of distinct primary and secondary coils in. 
indirect magnetic coupling (a.“ jigger ”), of a single coil in direct 
magnetic coupling (the auto-transformer), and of a condenser in 
direct electric coupling. 
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CRATER. See “ Arc.” 

CRYSTAL RECTIFIER. ‘See ‘ Thermoelectric Detector.” 

CURRENT along a conductor—symbols 7%, J, A—is defined as the 
quantity of electricity crossing a section of the conductor pet 
second. The practical unit is the ampere (q.v.). 1A=10-'e.m. unit. 

CURRENT-DENSITY at a point in a conducting substance is the 
current per unit of area perpendicular to the direction of the 
current at the point. 

CYCLE, Hysteresis. See ‘“‘ Hysteresis Loop.” 

CYCLE, ty ALTERNATING CurRENT. A term covering all that happens 

. in the time of a complete period. | 

CYMOMETER. A kind of wave-meter (q.v.). 


DAMPED WAVE TRAINS are produced by damped oscillations in 
an antenna. As a damped wave train in spark telegraphy passes 
a fixed point the successive alternations of electric and magnetic 
force become continually smaller after the first few. See 
‘* Damping.” ) 

DAMPING is the dying down as time elapses of an unsustained vibrations 
through the radiation or the Joulean wastage of its initial energy. 
Logarithmic damping is that in which successive equi-phase values 
of an alternating magnitude (e.g., the electric force or the magnetic 
force, but not the energy density) fall by equal percentages. For 
example, the successive maxima decrease by equal percentages. 

DAMPING RATIO, sometimes called Damprne Factor, is constant. 
throughout a logarithmically damped vibration, and is the ratio 
of two successive equi-phase values of the alternating magnitudes, 
e.g., in damped mechanical vibration it equals the ratio of two 

successive maximum displacements in the same direction. 

D.C. Abbreviation for direct, unidirectional, steady, or continuous, 
current. 

DEAD-BEAT is the term applied to a circuit (or motion, current, &c.) in 
which vibration is. just prevented by damping. 

DECAY COEFFICIENT, or Dxcay Factor—symbols 6, m—is 
(ignoring the minus) the coefficient of t in the damping term, «~". 
of a logarithmically damped vibration. It is, therefore, equal to 
the product of the logarithmic decrement and the frequency. In 
a closed oscillatory circuit it equals half the resistance divided by 

the inductance. 

-DECREMENT, LOGARITH MIC—abbreviation log. dec., symbol 6— 

is the natural logarithm of the damping ratio (q.v.); é.g., in damped 
mechanical vibration it is the positive natural logarithm of the 
ratio of two consecutive maximum displacements in the same 
direction. 
Occasionally the log. dec. is taken as half of that given by the 
above definition. 

DECREMETER. A wave meter adapted for the measurement of the 
proportional reduction of the current in it as the adjustment is 
changed a known amount from resonance. The logarithmic 
decrement of the oscillations or waves inducing the current can 

be calculated from such data. 

DENSITY of matter, is mass per unit volume. 

of electric or magnetic flux, or of current, is its amount per 
unit of area perpendicular to the flux. Magnetic flux density is 
called induction—symbol B. : | i 

DETECTOR. A receiving instrument for converting high-frequency 
current or voltage into a form of current or voltage capable of 
affecting an indicating instrument such as a galvanometer or 
telephone receiver. 


493 


Kandbock cf Wireless Telegraphy and Telephcny (Eccres), 


DIELECTRIC. A medium through which an ‘electric field can act 
permanently, and in which electric force does not cause permanent 
flow of current and dissipation of energy, 

DIELECTRIC COEFFICIE NT, Drztectric Constant. See “ In- 
ductivity,” 

DIELECTRIC CONSTANT or CoEFFICIENT, Synonyms for induc. 
tivity (q.v.) or for specific inductive capacity (q.v.). 

DIELECTRIC CURRENT or DisPLaceMENT CuRRENT through an 
imaginary area in a dielectric is the time-rate of increase of the 
electric flux through the area divided by 4%. A dielectric current 
produces the same magnetic field as an equal and similarly distri- 
buted electric current does in a conductor. Most of the effects can 
be accounted for by supposing that relative motion of electric flux 
generates magnetic force perpendicular to the flux and the motion 
at the point, according to the law: M.M.F. between two con- 
secutive points=rate of passage of electric flux across the line 
joining the points, ; 

DIELECTRIC STRENGTH or Exzcrric STRENGTH of an insulating 
material is the magnitude of the electric field, usually reckoned 
in volts per centimetre or volts per millimetre, under which the 
material just breaks down electrically, In solids this magnitude 
depends on the thickness of the sample tested. See “Disruptive 
Voltage.” ; 

DIFFRACTION. The beriding of waves into the region of the geomet 


rical shadow of an opaque object over which the wave fronts pass, 


DIPLEX RECEPTION. The receiving of two independent sets of 
signals over the same line, or, in wireless telegraphy, on the same 
antenna. 

DIPLEX TRANSMISSION. The sending of two independent sets of 
signals over the same line, or, in wireless telegraphy, from the 
same antenna. 

DIPOLE. A pair of equal spheres, or plates, or the like, having electro- 
static capacity, connected by a wire having inductance, and 
forming a symmetrical Hertzian oscillator, 

DIRECT COUPLING. See “« Coupling.” 

DIRECT CURRENT, CoNTINUOUS, UNIDIRECTIONAL, or STEADY 
CURRENT are terms used to indicate a substantially constant elee- 
tric current flowing in one direction. Abbreviation, D.C, 

DIRECTION FINDER. See “ Compass, Wireless,” 

DIRECTIVE TELEGRAPHY. The sending in a principal direction or 
the receiving from a principal direction of radiotelegraphic signals, 

DISCHARGER. Any special arrangement of electrodes intended to 
control the voltage and to furnish a path for discharge currents in 
spark or are telegraphy. The space between the electrodes is 
called the discharge gap. The simplest discharger is a spark gap 
between two metal poles in air—in this the distance between the 
poles controls the voltage of charging. A discharger may be 
simple or multiple, with electrodes fixed or moving. See * Rotary 
Discharger.” 


DISPLACEMENT, ELECTRIC or POLARISATION—symbol D—is phy- — 


sically the same as electric flux density (q.v.), but is measured by 
a unit 4m times larger. Thus Maxwell’s displacement’? = 
“electric flux density +42. The ratio of displacement to the 
electric force causing it is equal to the inductivity (q.v.) of the 
_.medium divided by 47. 
DISRUPTIVE VOLTAGE. The voltage required to break down a 
particular piece of dielectric placed between a specified pair of 
electrodes. In the case of air the term is sometimes used as if 
Synonymous with electric strength, the electrodes being then 
supposed large and plane, and unit distance apart. | 
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DISTRIBUTED CAPACITY or a Conpucrtor is ultimately dependent 
; on the number of lines of electric force that leave at the instant 
in question the various parts of the surface, Some of the lines 
start and end on parts of the same conductor at different potentials, 
others end on the earth. In the case of a long wire with steady 
current along it, the distributed capacity may be assigned as so 
many billifarads per mile, The distributed capacity of a coil when 
high-frequency current traverses it, is partly due to lines of 
electric force passing to surrounding conductors, and partly to 
lines passing from one turn to the next through the insulation on 
the windings ; in all cases its magnitude depends on the frequency. 


DUPLEX TELEGRAPHY. The simultaneous sending of signals and 
receiving of signals over the same line, or, in wireless telegraphy, 
at the same station. ‘‘ Station” here means the unit made up of 
sending plant and receiving plant under the same telegraphic 
control, though these may be in separate buildings. 


DYNAMO is a machine for generating E.M.F. continuously by making 
conductors cut across lines of magnetic flux. When a current is 
allowed to flow by completing a circuit external to the machine, 
electrical energy is delivered to the circuit nearly equal in amount 
to the mechanical energy used in driving the dynamo. The cur- 
rent may be direct or alternating ; in the latter case the machine 
is called an alternator. 

DYNE. Thec.g.s. unit of mechanical force. It is the force that gives 
a gram mass an acceleration of one centimetre per second per 
second. 

EARTH or Grounp of a wireless land station is the system of wires and 

_ plates, or other conductors, buried in the soil under and around 
the antenna. Certain apparatus inside the station is connected 
between the antenna and the earth. In the case of a ship station 
“earthing” is effected by connecting to the steel hull, See 
“ Capacity-earth.”’ 

EARTH ANTENNAE are antennz consisting of insulated wires laid 
along the ground or supported at a short distance from the 
ground level. Symmetrical anteanz are best, have all the tuning 
inductance or capacity at the centre, and may have their ends 
unearthed, or earthed either directly or through equal condensers. 


EDDY CURRENTS or FoucauLt CURRENTS are currents (usually un- 
welcome) circulating in the substance of a conductor through 
which a varying magnetic field passes. They choose their own 

_ paths in accordance with the laws of induction and the boundaries 
of the conductor, and can be almost avoided by laminating or 
stranding the conductor, 

EFFECTIVE HEIGHT or an Antenna is the length that must be 
used in the dipole (q.v.) radiation formula to give the same rate 
of radiation as actually takes place from the antenna—sinoidal 
currents of equal amplitude being assumed, 


EFFECTIVE VALUE of currents (symbol A), voltage (symbol V), &e., 
is the same as “ Virtual ” or “* Root mean square ”’ (q.v.) value. 


EFFICIENCY—symbol 7—or 4 Macutne or APPARATUS which takes 
energy in one form and delivers it in another is defined in terms of 
power by the ratio: Output + Input. 

* The ErricreNcy of A Procsss is frequently a mere comparison 
between an actual and an ideal performance. For example, the 
efficiency of propagation of electric waves between two radio- 
telegraph stations may be taken as the ratio: Power actually 


received at the receiving station+ Power that would be received 
if the inverse square law were strictly applicable, 
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ELASTANCE of a condenser is the reciprocal of the capacity. 7.e., a 
condenser of capacity C units has an elastance of 1 /C unit. The 
elastance of a number of condensers connected in series is the sum 
of the separate elastances.. This quantity is sometimes called the 
“ stiffness ’’ of a condenser, from the mechanical analogy. | 

ELASTIVITY oF a Dretzcrric is the reciprocal of its inductivity (q.v.): 

ELECTRIC FORCE or Inrensrry is a state producible in a dielectric 
by free electricity, by motion of magnetic lines, etc., and capable 
of mathematical representation at each point of space by a vector, 
2.€., a quantity possessing magnitude and direction. The vector 
is ideally measured at any point by the mechanical force exerted 
on a unit testing charge of positive electricity supposed concen- 
trated there. The direct effect of electric force on a medium is to 
produce a flux which, when measured in certain units, is called 
‘‘displacement”’ or “polarisation”? (q.v.). 

ELECTRIC GENERATOR is a term sometimes applied to machines 
which generate currents by the “induction”? of charges. The 
Holtz and the Wimshurst machines are examples. 

ELECTRIC INDUCTIVITY. See‘ Inpvcrtviry.” 

ELECTRIC STRENGTH. See “ Dretecrric StREN@TH.” 

ELECTRODES are conductors immersed in a medium for the purpose of 
applying electric forces to, or passing electric current through, a 
portion of the medium. The medium is frequently a liquid 
electrolyte, or a gas. The positive electrode, i.e., the electrode 
which is at the higher potential, is called the anode, the negative 
is called the cathode. 

ELECTRODYNAMIC TELEPHONE is a telephone receiver in which 
the conductors carrying the speech currents are free to move ina 
magnetic field, and by their motion ultimately cause sound. 

ELECTROKINETIC Momentum anp Enerey are the analogues of 
mechanical momentum and kinetic energy when current and 
inductance are taken as the analogues of velocity and inertia ; 
hence, for a single circuit with equal’ current at all parts, the 
electrokinetic momentum is the product of the inductance into 
the current, and the electrokinetic energy is half the product of the 
inductance into the square of the current. Hence the forcible 
variation of the current in a coil demands the application of an 
E.M.F. equal to the instantaneous rate of increase of the electro- 
kinetic momentum and calls up an equal reaction called the 
“counter E.M.F. of self-induction.”’ Any consistent system of 
units may be used in the above statements. See “ Inductance, 
Self, Mutual.” 

ELECTROLYTIC BREAK. See “ Break.” 


ELECTROLYTIC DETECTORS operate in most cases by arranging for 
received electrical oscillations to affect in some way the results of 
steady electrolysis of an electrolyte. For example, threads of 
metal formed by electrolysis may be destroyed by the oscillations, 
The best electrolytic detector is that in which a Wollaston wire 

. anode dips slightly into a solution of acid or alkali containing a 
large cathode, and becomes covered with a bubble of oxygen. 

ELECTROMAGNETIC TELEPHONE isa telephone receiver in which 
the speech currents pass through the windings of an electro- 
magnet (usually polarised), and cause the motion of a diaphragm, 
which produces sound, 

ELECTROMAGNETIC UNITS—abbreviation e.m.u.—is a system of - 
electrical units based on the definition of unit magnetic pole as 
that which repels an equal like pole with a force of 1 dyne when 
the poles are concentrated at points 1 centimetre apart in vacuum. 
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ELECTROMOTIVE FORCE in a portion of a circuit—abbreviation: 
E.M.F.—is not a force but a measure of the rise in the potential 
energy of a unit quantity of electricity when it is passed under 
the sole action of the E.M.F. through that portion of the circuit. 
See “ Potential Difference.” 

ELECTRON or Necative Corpuscre is the “atom ” of negative 
electricity, the smallest quantity of electricity known to take part. 
in electrical phenomena. One electron is 1-6 <10-° coulomb, 
and has a mass of 9 x 10-?8 gram. 

ELECTROSTATIC TELEPHONE. See “ Condenser Telephone.” 

ELECTROSTATIC UNITS—abbreviation e.s.u. A system of electric 
and magnetic units based on the definition of unit charge as that 
which repels an equal like charge with a force of 1 dyne when the- 
charges are concentrated at points 1 centimetre apart in vacuum. 

EMERGENCY SET. A self-contained signalling installation for use 
when the main plant has failed, or is not available, e.g., when, in a 
sinking ship, the dynamos have stopped. 

E.M.F. Abbreviation for ‘ Electromotive Force”? (q.v.), which is a 
misnomer for “work per unit of electricity,” or, in one word,. 
“voltage.” See “‘ Potential Difference” and ‘Induced E.M.F.” 

E.M.U. or e.m.u. Abbreviation for “ Electro-Magnetic Unit.” 

ENDODVNE RECEPTION, AvTopYNE RECEPTION, SeLF- HETERO- 
DYNE RECEPTION, are names given to those modes of beat re- 
ception (g.v.) in which the auxiliary oscillations are generated 
within windings and condensers that are essential parts of ordinary 
receiving circuits. The auxiliary oscillations produce beats with 
those due to the incoming waves. See “ Heterodyne Reception.” 

ENERGY DENSITY in Evecrric aNnD MAGNETIC Mrpia. At a point 
in an electrostatic field the energy density is x F?/(8m) ergs per 
eubic centimetre, where F is the electric force at the peint and x 
the inductivity. At a point in a stationary magnetic field the: 
energy density is uH?/(87) ergs per cubic centimetre, where H is 
the magnetic force at the point and » the permeability. 

ENERGY 1 Capasitiry ror WorKk—symbol W. Work is done 
when a mechanical force F moves a body through a distance x 
(amount Fx), when an isolated quantity Q of electricity moves. 
through a potential difference V (amount QV), when a velocity wis 
given to amass m (amount 3mu?), when a condenser of capacity C is 
charged to voltage V (amount 1qV2), and when a current J is. 
established in an inductance L (amount 4LI?). The 6.g.s. unit 
of work or energy is the Erg; the practical unit is the Joule. 
1 joule=10’ ergs. 

_ EQUIVALENT VALUES of the capacity, inductance and resistance 
of a circuit having these quantities distributed in the circuit (as. 
e.g., an antenna) are, at any given frequency, the values to be used. 
in calculating the wave-length and the decrement by aid of the. 
simple formule proper for circuits having these quantities con- 
centrated. In the case ofa finite wire the frequency is often taken 
as that of the fundamental oscillation, and the equivalent values 
are then 2/m times the steady values. 

ERG. The c.g.s. unit of energy or work. Tt is the work done by a force 
of one dyne exerted through a centimetre. 107 ergs=1 joule. 

FADING. A gradual diminution of signal strength, without fluctuation, 
due to atmospheric changes. When the signal strength rises and 
falls through atmospheric causes, the phenomenon is called 
“*swinging.”’ 

FARAD—symbol F—is the practical unit of capacitance. ~ It is the 
capacity of an isolated condenser of which the armatures assume &- 
difference of potential of 1 volt when 1 coulomb of positive 
electricity is on one armature and 1 coulomb of negative electricity 
on the other. 1F=10-9 e.m.u. nearly. 
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FIELD, Exxcrric or Macneric, is (1) a term applied to the region 
through which particular electric or magnetic effects are appreci- 


able; and is (2) synonymous with electric force (g.v.) or magnetic 


force (q.v.), or intensity, and has, therefore, magnitude and direction, 

FILINGS COHERER. A coherer (q.v.) for use with a relay and ink- 
writer, consisting of a quantity of metal or other conducting 
grains between electrodes. A source of #.M.F. is kept in series with 
the coherer and relay windings, and a transient voltage sufficient 
to precipitate coherence allows the E.M.¥. to operate the relay. 

FLAT-TOP ANTENNA. Any antenna with a vertical portion and a 
horizontal portion, the latter being much the larger, 

FLUX, Execrric, is an effect produced in dielectrics by electric force ; 
a principal property is that when in motion it produces a 
magnetic field. See ‘‘ Dielectric Current.” . 

FLUX, Macnetic—symbol ®—is an effect produced in all media by 
magnetic force; when in motion magnetic flux produces an 
electric field (see ‘‘ Induced E.M.¥.’’), The unit in the electro- 


magnetic system is the line, and in the practical system the Weber — 


1 Weber =108 Lines. 

FLUX-DENSITY at a point is the flux per unit of area across a small 
area round the point taken perpendicular to the flux. The term 
flux is sometimes used as if meaning flux-density. Magnetic flux- 
density is called ‘‘ Induction” (q¢.v.)\—symbol B. 

FORCED VIBRATION, in an oscillatory circuit, is produced by an 
oscillatory E.M.F, and has the same frequency as the force. The 


forced vibration attains the greatest amplitude when circuit and - 


force are “‘ in resonance ” (q.v.). 

FOUCAULT CURRENTS. See “ Eddy Currents.” 

FOURIER’S THEOREM states that any single-valued periodic func- 
tion, with certain restrictions, can be expressed as a series of sine 
(or cosine) functions, severally corresponding to a fundamental 
vibration (g.v.) and its harmonics (q.v.). 

F.P.S. Abbreviation for the foot, pound, second system of units. 

FREE or NATURAL VIBRATION, in an oscillatory circuit, is one not 
sustained by external agency; the frequency and damping are 
determined solely by the constants of the circuit. The sudden 
application of an oscillatory voltage to an oscillatory circuit gives 
rise to concurrent free and forced vibrations. 

FREQUENCY—symbols n and N—of an oscillating current, voltage, 
&c., is the number of times it changes sign from plus to minus (or 


vice versa) per unit time. The unit of time is usually the second. — 


When the oscillation is periodic the frequency is constant, and is 


the reciprocal of the period. The frequency of sparks, or of any. 


series of discrete events, is the number occurring per second. 

FREQUENCY CHANGER. An apparatus that takes current at one 
frequency and delivers it at another. In the wide sense any 
alternating current generator may be regarded, or adapted, as a 
frequency change”, but the term is usually reserved for apparatus 
of the static transformer type. 


FUNDAMENTAL VIBRATION of an oscillator possessing several 
natural frequencies of vibration, is the natural vibration of lowest. 


frequency. It is also called the first partial (q.v.). 

GAS RELAY or Vacuum Retay. £ce ‘ lonic Reley.” 

GAUSS, the partially recognised name for the unit of ma gnetomotive 
force in the electromagnetic system of units. . 


GAUSSAGE. A synonym for magnetomotive force analogous to 


‘“ voltage.” 

GLOW DISCHARGE. See “ Corona.” 

GRID, of a three-electrode ionic tube, is an electrode in the form of a wire 
grid or perforated metal plate, which is placed where it can affect 
the flow of electrons from the cathode. See ‘Ionic Relay.” 

GROUND. See “Earth.” 
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; GROUP FREQUENCY. See ‘‘ Spark Rate ”’ and ‘‘ Frequency.” 

HARMONIC. In acoustics meant originally a harmonious partial in a 
complicated vibration, In the natural oscillation of a circuit 
possessing distributed capacity and inductance, the harmonics 
are those component vibrations whose frequencies are integral 
multiples of the frequency of the fundamental. A harmonic is 
called even or odd, according to whether the multiplier is even or 
odd, The first harmonic is double the frequency of the funda- 
mental, and may be identical with the second partial. The 
second harmonic is three times the frequency of the fundamental, 
and may be identical with the third partial, and so on. Tn elec- 
trical affairs the harmonic of double the frequency of the funda- 

mental is often called the second harmonic, and so on. 

HEAVISIDE LAYER. A region of the upper atmosphere supposed. to 
be sufficiently ionised (more or less permanently) to explain by its 
reflecting properties the difference between the observed strength 
of long distance signals and the strength calculated on the 
diffraction theory. 

HELIX. The curve followed by the screw thread of a bolt. A curve 
traced on a right circular cylinder, so as to cut at the same angle all 
the lines on the cylinder parallel to the axis (7.e., all the generating 
lines). <A helical coil is one of which the centre line of the wire 
follows a helix. The pitch of a helix is the distance between 
consecutive turns measured parallel to the axis. 

HENRY—symbol H—is the practical unit of inductance. A coil of 
which the inductance is 1 henry, and which is traversed by a steady 
current of 1 ampere, has 4 joule of energy stored in its magnetic 
field. 1H—10-° e.m.u. nearly. 

HERTZIAN OSCILLATOR. See “ Oscillator, Hertzian.” 

HETERODYNE RECEPTION, is the name given to the kinds of beat 
reception (q.v.) proposed by R. A. Fessenden, in which the auxiliary 
oscillations are induced in the receiving circuits from an external 
source of oscillations. See “‘ Endodyne Reception.” 

H.F. Abbreviation for “ high frequency” or ‘“ radio frequency.” 

HOT-WIRE INSTRUMENT is an indicating instrument in which the 
expansion of a wire when heated by a current is taken as the 
measure of the current through the wire, or of the voltage at the 
terminals, or of the power being expended at some part of the 
circuit. The expansion of the wire is often measured by the 
alteration of its sag. 

HYSTERESIS, Evecrric or Magnetic. The phenomenon that the 
flux caused by a specified force depends, in many media, on the 
preceding values passed through by the force, however much time 
be allowed. For example, if the magnetic force applied to a 
piece of annealed steel be raised steadily from 0 to 2 units, the 
induction at the latter value is, say, 3,500; but if the force be 
steadily increased to 6 units and now reduced steadily to 2 again, 
the induction is 8,000. Magnetic hysteresis in magnetic metals is 
a very noticeable phenomenon ; electric hysteresis in dielectrics is 
never very noticeable. 

HYSTERESIS LOOP (CYCLE). The curve obtained by plotting 
values of magnetic force as abscisse, and of induction as ordinates, 
when the force is varied continuously and repeatedly between 
equal positive and negative values, is, after a sufficient number 
of. repetitions, a definite S-shaped loop, enclosing an area. The 
loop is sometimes called a magnetic cycle, and force and flux are 
said to pass through a complete cycle of values. 

HYSTERESIS LOSS in a magnetic material or in a dielectric is the loss 
of energy that arises because the values of the flux are lower when 

the force is increasing than the corresponding values are, at the 
same values of the force, when the force is decreasing. In a 
complete magnetic cycle the total loss of energy is proportional to 
the area of the loop. 
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IMPACT or SHOCK EXCITATION, is a general term covering al} 


those methods of generating oscillations in which an oscillatory 


circuit is set into electrical vibration in its natural frequency by 
means of an electromotive blow or by a short lived properly- 
timed intense E.M.F. The term includes “impulse excitation” 
(q.v.), and “ quenched spark generation” (q.v.), though often used 
as if synonymous with the latter. 

IMPEDANCE of a circuit or branch for A.C.—symbol Z—may be 
defined as the ratio of the effective voltage to the effective current 
it produces. If the A.C. be sinoidal, then 

Z2= R24 X?2 
where & is the resistance and X the reactance (q.v.). The impe- 
dance causes the current tolag behind the voltage by the angle of 
which the tangent is X/R; when X is negative the current leads 
the voltage. 

IMPULSING is the method of exciting a circuit into oscillation in its 
own natural frequency by applying an electromotive blow. For 
example, the sudden stopping of a current in a non-oscillatory 
primary circuit administers a blow to a secondary, and if this is 
oscillatory it vibrates in its natural frequency. See “ Impact 
Excitation.” 

INDICATING INSTRUMENT is an instrument that can be used for 
rendering the existence of a current, voltage, &c., perceptible to 


the senses. A voltmeter gives indications to the eye; a telephone | 


receiver gives indications to the ear. 

INDIRECT COUPLING. See “ Coupling.” 

INDUCED E.M.F. In many cases the E.M.F. induced by time- 
variation of magnetic flux can easily be calculated by assuming 
that relative motion of matter and magnetic flux generates electric 
force perpendicular at each point to the flux and the motion, 
according to the law :—E.M.F. between two consecutive points 
=rate of passage of magnetic flux across the line joining the points. 

INDUCED M.M.F. See “ Dielectric Current” and “ Magnetic Force 
due to Current.” 

INDUCTANCE, Mourvat, between two circuits—symbol M—is, in the 
€.m. system of units, equal to the number of lines linked with one 
circuit due to unit current in the other. (See “ Inductance, Self,” 
for explanation of “linked with.”?) The unit current may be 
supposed in either circuit, provided that it is the same at all parts 
of its circuit. 


The mutual electrokinetic energy of two circuits carrying 


currents is the continued product of the currents and the mutual 
inductance in any consistent system of units. 


INDUCTANCE, Sztr, ofa circuit—symbol L— is the electrical analogue — 


of inertia or mass when current is taken as the analogue of velocity. 
In terms of magnetic induction the inductance of a circuit in the 
e.m. system of units is equal to the number of lines linked with the 
circuit due to unit current in the circuit ; “linked with” means 
here that a line is counted each time it threads the circuit (or 
each time the circuit threads it), plus being given to one sense, 
minus to the other, 

The inductance of a coil is indefinite when there is a magnetic 
core because hysteresis renders the flux indefinite; and is also 
indefinite when the current is different at different parts of the 
circuit, as occurs, for example, when stationary waves arise 
because of distributed capacity. See also “ Henry,” “‘ Electro- 
kinetic.” 

Coefficient of Self Induction is often used as a synonym for 
Self Inductance, 
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INDUCTION. The phenomenon, or the act, of causing certain electric 
or magnetic effects at a distance. Electric charge, electric 
currents and magnetism in iron, can be “ induced ”’ across vacuous 
space. 

INDUCTION, Macyetic—symbol B—is the name given to the flux 
produced by magnetic force. Quantitatively, magnetic induction 
is magnetic flux density, and the “Maxwell” is the partially 
recognised unit in the electromagnetic system. One Maxwell of 
induction is the flux density one “line” per square centimetre. 

INDUCTION COIL. See ‘“ Inductorium.” 

INDUCTIVITY, Dretectric Constant, DIELECTRIC CoEFFICIENT, 
Prermirrivity of a dielectric—symbol x—is the property of 
permitting electric flux, and is measured by the quotient of the 
flux density by the electric force causing it. In the e.s. system 
of units the inductivity of vacuum is arbitrarily taken as unity 
and consequently its value in the e.m. system is +x 10-*. 

INDUCTIVITY, RELATIVE. See “ Specific Inductive Capacity.” 

INDUCTORIUM, Inpuction Com, Spark COIL, RUBMKORFF COIL, oF 
merely Cort, is a step-up transformer with open magnetic circuit 
designed for use with an interrupted primary current and giving 
practically unidirectional secondary voltage, namely that induced 
at the primary “ break.” Sometimes the magnetism of the iron 
core is used to operate the interrupter, sometimes the break 
mechanism (q.v.) is independently operated. 

INITIAL VOLTAGE, Visvat Votracr. The voltage at which a 
faintly visible glow appears on conductors charged to high voltage 
in air or other gas. See ‘“ Corona.”’ 

INK-WRITER or Morsz Printer. A machine for marking paper tape 

with dots and dashes as received in telegraphy. In some forms 
the movement of an armature by an electromagnet causes an inked 
wheel to touch a uniformly moving tape, the electromagnet being 
actuated through a relay by the signal currents. The signal 

_ currents may be from a line or from a filings coherer. 

INTEGRATING DETECTOR is the name sometimes given to any 
detector that yields a response which is proportional to the total 
energy received from a spark train rather than to the maximum 
value of the current or voltage in the train. 

NTENSITY, Exscrric or MaGNErIo, is synonymous with ‘‘ force of 
the field ”’ (q.v.). 

NTERFERENCE in wave theory is the name given to the phenomena 
arising when two or more wave systems occupy the same space, 
or when two or more oscillation systems occupy the same circuit, 
simultaneously. For example, it has been suggested that the 
“fading” or ‘‘ swinging ”’ of signals may be due to interference 
between direst and reflected travelling waves ; and in the beat 
reception (q.v.) of sustained waves interference is utilised. 

INTERRUPTER. See “ Break.” 

IONIC REFRACTION is the bending of electric rays during passage 
from one portion of air to another portion that is differently 
ionised. The possibility of this type of refraction is due to the 
velocity of electric waves being ereater in ionised than in un- 
jonised air. Ionic refraction in the atmosphere may assist electric 
waves to bend round the globe. 

JONIC RELAY. A type of relay consisting frequently of an evacuated 
tube containing a glowing cathode C for emitting electrons, and 
two other electrodes A, G. A large steady voltage is applied 
between A and C to produce an ionic current, and the voltage 
to be amplified is applied between Gand C. Tho effect of the 
latter in disturbing the flow of ions is repeated in magnified 
measure in the ionic current between A and C. Sometimes G 
is placed outside the tube. 
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IONISATION or « Gas means the production in it of particles called 
‘ ions carrying positive or negative charges of electricity. The ions. 
may be large aggregations of molecules, or single molecules or 
electrons (q.v.). 

ISOCHRONOUS is a term applied to two or more oscillatory circuits, 
meaning that they have the same natural frequency. 

JAMMING. A receiving station is said to be “ jammed ”’ when the 
reception of signals from its proper correspondent is prevented by 
much stronger signals or noises from a third station, The last-_ 
named station is said to be “ jamming ” the first named. 

JAR has been proposed as a convenient unit of capacity, specified by 
1 jar=1,000 e.s. units=1-111 bF. 

JIGGER, a synonym for a magnetic Coupling Transformer (q.v.). 

_ JOULE—symbol J—is the practical unit of energy. 1 J=1 watt-second 
=10" ergs, 

JOULE EFFECT, or Jounzan HEATING, occurs when a current traverses 
a resisting conductor ; the rate of generation of heat in the con- 
ductor by a steady current equals the square of the current multi- 
plied by the resistance. 

KATHODE, or Caruops, is a negative electrode (q.v.). 

KENETRON. A type of vacuum tube rectifier in which the vacuum is 
extremely high and the discharge is carried almost entirely by 
electrons, not by gas ions. 

KEY. A switch intended for making and breaking a cizcuit. 

A Tapping Key hes a fixed contact engaging with another 
contact carried by a springy strip of metal, and this is depressed. 
by the finger in order to close the circuit. 

An Operating, or Teleyraph, or Morse K ey, is a tapping key 
designed to suit the hand in the rapid sending of signals by a dot 
and dash code. 

KILO—symbol k—is the prefix placed before the name of a unit to 
indicate the multiple 103, : 

LAG, in alternating current. See ‘“‘ Phase.” 

LEAD. A wire or other convenient form of conductor whose sole: 
purpose is to lead current to or from a piece of apparatus, 

LEAD, in alternating current. See “‘ Phase.” 

LEAKAGE, SURFACE, is the flow of electricity across the surface of 
insulators. Its amount depends on the preparation of the surface 
and the humidity of the atmosphere, and is recorded by measuring 
the surface resistivity (q.v.). 

LENGTHENING COIL, LOADING COIL, or Tunrvncg Corn, of an 
antenna is the inductance coil inserted in series with an antenna 
for the purpose of increasing its natural wave-length. 

LEYDEN JAR. A condenser consisting primitively of a glass jar with: 

an outer and an inner coating or armature of tinfoil covering the- 
bottom and the sides nearly to the neck. 

LIMITING VOLTAGE or Brusu Discuarcs. The voltage at which 
the brush discharge passes into the arc or spark. 

LIMITING VOLTAGE or Guow Discuarcr. The voltage at which 

_ the glow gives place to the brush discharge. es 

LINE (or Inpvocrton) is an engineer’s unit, and also the electromagnetic 
unit, of magnetic flux. -1 Line—10-8 Weber. . 

LINE OF FORCE is an imaginary line drawn in a field of force (electric, - 

. magnetic, &c.), so that the direction of the line at each point is. 
that of the force there. The closeness of the lines indicates the- 
intensity of the force. IES) 


LINEAR OSCILLATOR. See “ Oscillator, Linear.” 
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LINES OF FLUX, or Ixpvorion. An imaginary line drawn ina field 
of force so that the direction of the line at each point is that of the 
flux there. ‘The closeness of the lines indicates the flux density. 
Each unit of positive (v.e., north-seeking) magnetism is con- 
ventionally supposed to have 4 lines of flux emerging from it, and. 
each negative unit to have 4a lines entering it. From each 
positive unit of electricity one line of flux starts and on each 
negative unit one line ends. 

LOADING AN ANTENNA is the connecting of inductance coils or 
condensers in series or parallel with an antenna or with part of it,. 
for the purpose of changing its natural wave-length. 

LOGARITHMIC DAMPING. See “ Damping.” 

LOGARITHMIC DECREMENT. See ‘“« Decrement.” 

LOOP ANTENNA is an antenna with two separate vertical “legs A 
connected at the top by a more or less horizontal wire ; the lower 
ends of the legs are usually connected through the apparatus inside 
the house. These antenne may be strongly directive. 

LOOP or AntrnopE. On an oscillator possessing distributed capacity 
and inductance, loops are places of maximum variation of the local 
values of the electrical quantity under consideration. The middle: 
of a linear oscillator (q.v.) is a loop of current and a node (q.v.) 
of potential, the ends are loops of potential and nodes of current. 

MAGNETIC COUPLING. See “« Coupling.” . 

MAGNETIC FORCE DUE TO CURRENT. An element, length 
icm., of a filamentary circuit. carrying a current i em. units, 
exerts at any point distant rcm. from the element a magnetic 
force equal to li sin @/r* e.m. units, where 0 is the angle between 

rand the element. See also “ Dielectric Current.” 

MAGNETIC LEAKAGE between two current-carrying coils, such as 
the primary and secondary of a transformer, is brought about by 
some magnetic flux due to one coil failing to thread the othe. The 
leakage is expressed quantitatively by the Coefficrent of Maynetie 
Leakage, which is defined by the equation o=1— M?2/L,L,, where 
L,, Le are the self-inductances of the coils and M is the mutual 
inductance between them. The magnetic leakage coeficient 
between cirruils, as distinct from coils, depends on tne presence 
or absence of reactive load. 

MAGNETOMOTIVE FORCE, or DIFFERENCE OF MAGNETIC PorTENTIAL, 
or GauUSsAGE, between any two points in a magnetic field, is. 
measured, ideally, by the work dorie by the magnetic field on a 
unit point pole of positive (north-sceking) magnetism while it is. 
moved from one point to the other without disturbing the field. 
Tn other words, M.M.F. is the line-integral of the magnetic force. 
The e.m. unit is the gauss (¢.v.), and the practical unit is 10-1 e.m. 
unit. Enginecrs use either the gauss or the ampere-turn (q.2.). 

MAGNIFIER. An apparatus for ma gnifying the variations of a current, 
usually a received telegraphic current. See ‘Amplifier’ and. 
ce Relay.” 

MAXWELL. The unit of magnetic induction in the electromagnetic 
systems of units ; i.e., a flux density equal to one ‘line’ per: 

square centimetre. 

MEGA—symbo! M—is the prefix placed before the name of a unit to 
indicate the multiple 10°. : 

MICRO—symbol »—is the prefix placed before the name of a unit to 
indicate the submultiple 10-®. zene j 
MICROPHONE TRANSMITTER, or, for brevity, a MrcroPHONE, is- 
an instrument containing a conductor of which the electrical 
resistance can be varied greatly by means of the rapid feeble 
- alternating forces caused by sound, The resistance variations: 

are repeated in the current produced by a steady voltage in series 
with the microphone. See“ Packing.” is 
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MICROPHONIC JOINT isa loose contact between two solid conductors, 
so mobile that feeble vibrations vary its resistance, 

MICROPHONIC RELAY is an instrument for magnifying the variations 
of a given current by passing it through an electromagnet that acts 
on the diaphragm or reed of a microphone. The resistance 
variations are repeated in the current produced by a constant 
voltage connected in series with the microphone, 

MIL. The thousandth part of an inch. 

MILLI—symbol m—is the prefix placed before the name of a unit to 

' indicate the submultiple 10-3. 

MILLIMICRO, Arrernativety Brtti—symbol mu or b—is the prefix 
placed before the name of a unit to indicate the submultiple 10-9, 

MILS, CIRCULAR. The magnitude of a round wire is expressed in 
circular mils by squaring its diameter in mils, 

M.M.F. Abbreviation for Magnetomotive Force (q.v.). 

MOCK ANTENNA. See “ Antenna, Dumb.” 

-MONOTELEPHONE. See “ Tuned Telephone.” 

MOTOR-ALTERNATOR. A motor-driven dynamo taking D.C. at the 
motor terminals and delivering A.C. at the generator terminals. 
Both armature windings may be on the same core. 

MOTOR-GENERATOR. A motor-driven dynamo taking D.C. at one 
voltage at the motor terminals and delivering it at another voltage 
at the generator terminals. The armature windings of motor and 
generator may be on the same core. ; 

MUSICAL SPARK Sienats are those in which the sparks occur at 
regular intervals of time, and fast enough to give a musical note, 
Usually the spark rate is between 100 and 1,200 per second. 

MUTE ANTENNA. See “ Antenna, Dumb.” 

NATURAL ELECTRIC WAVES are due to natural causes, such as 
lightning discharges, and are received by wireless telegraph 
apparatus as strays or Xs, (q.v.) 

NATURAL WAVELENGTH AND FREQUENCY. See “ Wave- 
length.” — . 
NODE. Onan oscillator possessing distributed capacity and inductance 
there are places where the electrical vibration causes no variation 
in the local value of an electrical quantity under consideration ; 
these are called nodes. In the electrical oscillation of a straight 
wire (linear oscillator, q.v.) the ends are nodes of current and 
loops (q.v.) of potential; the middle is a loop of current and a 

node of potential. 

NON-OSCILLATORY is the same as non-periodic or aperiodic. A 
circuit is non-oscillatory if a current started in it dies down with- 
out reversing. If a circuit is only just non-oscillatory it is called 
** dead-beat.”’ 

NON-PERIODIC, APERIODIO, are Synonymous with non-oscillatory (q.v.). 

NON-RADIATIVE ANTENNA. See “ Antenna, Dumb,” 

OHM, INTERNATIONAL—symbol Q—is defined as the resistance offered 
to an unvarying electric current by a column of mercury at 0°C., 
14-4521 grams in mass, of constant cross section, and of a length 
106-300 centimetres. 12109 e.m.u. nearly. 

OHM’S LAW. See “ Resistance.” 

ONDAMETER. A kind of wave-meter (q.v.). 

OSCILLATION, in radiotelegraphy, usually means an electrical vibra- 
tion of frequency within the limits used in signalling, and may be 
damped or sustained. See “ Stationary Wave” and “ Wave- 
Length.” 

OSCILLATOR. A circuit possessing both capacity and inductance, 
designed to be easily set into electrical vibration. 


504 


GLOSSARY 


OSCILLATOR, CLOSED oR OPEN ; relative terms. Tf in an oscillator the 
capacity is chiefly localised in a condenser (see ‘‘ Condenser’’), then 
the oscillator is said to be “closed”; if, on the other hand, the 
armatures are far apart and, consequently, the capacity is 
distributed (see ‘‘ Distributed Capacity ”’), the oscillator is said to 
be “open.” An open oscillator radiates strongly, a closed one 
feebly. The extreme form of an open oscillator is a straight 
wire, and is called a “linear oscillator” (q.v.). 

OSCILLATOR, Hzrrzian. Consists of two insulated rods with axes in 
line, with their nearer ends forming a spark-gap, and their outer 
ends bearing plates or balls to give the system capacitance. The 
overall length is usually less than 2 metres, and the whole con- 
stitutes an open oscillator of short wave-length. A Hertzian 
oscillator is sometimes called a dipole. 

OSCILLATOR, Linzar. Usually a straight insulated wire on which 
oscillations can be started—e.g., by aid of a central spark-gap or a 
coupling coil. 

OUDIN RESONATOR is a term sometimes applied to the direct mag- 
netic coupling between the spark circuit and the antenna of a 
radiotelegraphic station, the two circuits being adjusted to 
resonance, 

OVERTONE is synonymous with Upper Partial (see ‘‘ Partial”). The 
overtones may or may not have frequencies that are integral 
multiples of the fundamental, 1.e., may or may not be harmonics. 

PACKING in microphones containing granules of conducting material 
is the name given to the tendency of the granules to settle into a 
compact heap, non-sensitive to sound vibrations. The chief 
cause of packing is irregularity in the size of the granules. 

PARTIAL. A term borrowed from acoustics to denote any one of the 
natural vibrations of which a body is capable. An electrical 
oscillator possessing distributed capacity and inductance has 
theoretically an infinite number of possible frequencies of vibration, 
each of which is called a partial. That of lowest frequency is 
called the fundamental. See also ‘“‘ Harmonics,” “ Overtone.” 

P.D. Abbreviation for Potential Difference (q.0.). 

PELTIER EFFECT is the phenomenon of the heating or cooling of a 
junction of two different materials when an electric current flows 
across it. For example, heat is absorbed when a current flows 
from copper to iron, and is liberated when it flows from iron to 
copper. The heat transformed is proportional to the quantity of 
electricity crossing the junction and the Peltier effect is numerically 
measured by the heat transformed per coulomb. 

PERIKON DETECTOR. A popular * crystal rectifier,” consisting of 
a firm contact between a piece of zincite and a piece of chalco- 

ite. 

PERIODIC. A vibration is called periodic if all the phenomena are 
repeated continually at equal intervals of time. This time is 
called “the periodic time” or “ period.” A damped oscillation 

is not periodic in the strict sense. 
PERIODICITY, a synonym for Frequency or, sometimes, for Angular 
Velocity. 
PERMEABILITY, Maeneric IypucTiviTy of a medium—symbol p— 
is the property of permitting magnetic flux, and is measured by 

the quotient of the flux density (or induction) by the magnetic 
force causing it. In the e.m. system of units the permeability of 
vacuum is arbitrarily taken as unity and consequently its value 
in the e.s. system is }x10-%. The permeability of the magnetic 
materials is very great and has different values under different 
magnetic forces. See “ Hysteresis.” 
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PERMEANCE of a magnetic circuit is defined as the quotient of the 
total flux by the magnetomotive force causing it. It is the 
reciprocal of reluctance, and is analogous to electric capacity of a 
condenser. . 


PERMITTANCE of a condenser is a synonym for electric capacity or 
capacitance. For the same condenser it is proportional to the 
permittivity of the (homogeneous) dielectric between the arma- 
tures. 

PERMITTIVITY. See “« Inductivity.”’ 


PHASE, of a simple harmonic vibration at any instant, is the fraction of 
the whole period that has elapsed since the vibrating quantity last 
passed from a negative to a positive value through zero. 

The phase difference between two simple harmonic vibrations of 
the same frequency is the amount by which one anticipates the 
other in passing through corresponding maxima, minima, &c., 


these being taken less than a period apart in time. The amount . 


may be expressed (1) as a time, (2) as a fraction of the common 
period, (3) as an angle in the “ clock diagram ”’ (q.v.) representing 
the oscillations. That vibration which anticipates the other is 
said to lead ; its follower is said to laq. 

PHONOGRAPHIC RECORDING is accomplished by amplifying 
received ‘signal currents. by aid of relays in tandem until the 
sounds produced in a telephone are loud. enough to cut a distinct 
record on the wax of a phonograph. The signals can be received 
ét high speed and read at low speed. Instead of a pl oncgraph a 
telegraphone may be used. . 

PICO—symbol p or uu—is the prefix placed before the name of a unit to 
indicate the submultiple 10-12. 

PITCH of a musical note is the same thing as frequency. A shrill note 
is said to be of high pitch, a bass note of low pitch. 


PLAIN AERIAL SENDING means the sending of signals by means of 
“a Spark-gap in the antenna; no closed oscillatory circuit being 
employed. , 

PLIOTRON. A highly evacuated bulb containing a hot cathode and 
two cold electrodes. Its action depends mainly on electron cur- 
rents, since there is little gas present to furnish ions by collision. 

POLARISATION, Exxcrnic, is a synonym for Displacement (q.v.). 


POLARISED. A transformer is said to be polarised when an inde- 
pendent. steady M.M.F. is kept applied to the core or a part of it 
while the transformer is in use, 

A relay may be polarised in the same way as a transformer, but 
more often the term is applied to the type of. relay in which the 

' movable tongue is a permanent magnet with one pole acted upon 
by the electromagnet. In this case opposite currents produce 
opposite deflections. 

A voltaic cell or electrolytic bath is said to be polarised when the 
passage of the working current has brought about such changes 
it the electrodes cs tend to stop the current, For example, 
copper and zinc electrodes in a simple voltaic cell quickly become 
covered with hydrogen and oxygen respectively, which tend by 
their counter E.M.F. and resistance to stop the current. 


POLARISED RADIATION is such that the electric and magnetic 


states produced at a fixed point by the waves can be represented 
by vectors that vary and (or) rotate in a regular manner, In 
particular, radiation is circularly polarised, when the ends of the 
vectors describe circles ; it is plane polarised when the vectors lie 
always each in one line. The-radiation from a vertical antenna 
has its lines of electric force vertical near the receiving station, 
and is therefore plane polarised. 
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POTENTIAL DIFFERENCE (abbreviation: P.D.) between any two 

points in an elecfric field, is measured, ideally, by the work done: 

_ by the electric field on a unit point charge of positive electricity 
moved from one point to the other without disturbing the field. 
The E.\.F. of'a cell is (at uniform temperature) equal to the P.D. 
between the terminals when no current is flowing. 

Practically P.D. and E.M.F. are both measured by reference to a 
standard cell of known absolute E.M.F. The practical unit. 
is the volt—symbol V. 1V=108 e.m. units. See *‘ Practical 
Units.” 

POTENTIAL DIVIDER, POTENTIOMETER, is usually a wire or @ 
series of resistance coils provided with two tapping leads, of which — 
at least one is adjustable in position. When current is passed 
through it, the P.D. taken off by the tappings can be made a 
desired fraction of that between the extreme terminals. 

POWER is the rate of doing work. The Practical unit is the watt (q.v.). 


POWER FACTOR of A.©. in a circuit, is the product of the volts and 
amperes, measured at the terminals, divided into the watts spent 
in the circuit, If the volts and amperes are sinoidal the Power 
Factor is the cosine of their angular phase difference. 

PRACTICAL UNITS. A system of electrical units adopted at the 
International Conference in London in October, 1908. The two 
fundamental practical units are the ohm and the ampere. 

PRESSURE, ELEcTRICAL, is synonymous with Voltage or H.M.F. Voltage 

is the analogue of fluid’ pressure when current is taken as the 
analogue of velocity along a pipe of unit sectjon. 

PRINTER, Morsz. See “ Ink-writer.” 

QUENCHED SPARK methods of generation of oscillations include 
those kinds of so-called, “ impact ”” methods (q.v.) in which early 
stoppage of the primary current is brought about by the extine- 
tion of the spark. The disappearance of the spark opens the pri- 

- mary circuit, and leaves the secondary free to oscillate with its own. 
frequency. 

RADIAN. The unit of circular measure of angle. One radian is the 
angle subtended at the centre of a circle by an are equal in length 
to the radius. 1 radian=180/7==57:3 deg. 

RADIATION. The act of emitting waves ; the waves emitted. 


- RADIATION RESISTANCE of an antenna is defined as the quotient of 
the power radiated and the mean square of the antenna current. 


RADIATOR, Etzcreric, is an open oscillator (q.v.) specially designed for 

making waves. 

RADIO, a word introduced, for use as adjective and adverb, to denote 
relation to wireless telegraphy or telephony. For example, 
“radio frequency ” means a frequency appropriate for wireless 

telegraphy. Compare “ Audio.” 

RADIOPHARE. A radiotelegraphic ‘lighthouse > intended to aid 
navigation by emitting characteristic signals. By estimating the 
bearings of two charted radiophares the mariner may determine 
the position of his ship. f 

RATIO OF UNITS—symbol u—is the ratio of the unit pole in the 
electromagnetic system to the unit pole in the electrostatic 
system, or of the unit charge in the electromagnetic system to the 
unit charge in the electrostatic system. Its numerical value is: 
3 x 102° very nearly. 

REACTANCE—symbol X—of a circuit containing inductance L and 
eapacity CO, when sinoidal A.C. of frequency 27/w is passed 

through it, is X=Lw—(1/Cw). This may be positive, zero or 
negative. See “ Impedance.” 
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RECEIVER is a term sometimes covering the whole receiving set inside 
a station, but is sometimes merely a synonym for “ Detector.” 
See also ‘‘ Telephone Receiver.” 

RECORDER in telegraphy is a machine or device for making a permanent 
record of received signals. The record may appear as a wavy 
line made on paper as spark-perforations by a ‘* spark-recorder,”’ 
or written in ink on paper tape by a “ siphon recorder ”’ (q.v.) ; 
or as a series of dots and dashes made by an “ ink-writer ” (q.v.) $ 
or as marks produced by electrolytic or photographic action; or 
as an acoustic record in phonographic recording (q.v.), or on a tele- 
graphone (q.v.) ; or as printed letters by aid of type printers, 

RECTIFIER. An apparatus which causes an alternating voltage to 
yield more or less unidirectional current. As examples may be 
cited the commutator of D.C. dynamos, the large electrolytic 
valves for charging secondary batteries from an A.C. supply, the 
crystal rectifiers (¢.v.) and vacuum valves (q.v.) of radiotelegraphy. 
Some of these satisfy the broader definition of a rectifier as an 
apparatus which passes more current when a certain voltage is 
applied in one direction than when applied in the other. 

RELAY. An instrument by means of which a relatively small current 
is enabled to control a large one. In electromagnetic receiving 
relays a tongue or diaphragm carrying one side of a contact is 
moved to and fro by an electromagnet which is energised by signal 
currents, and so closes and opens a local circuit; a similar 
principle may be applied in sending relays for handling high 
voltage or intense currents. The more modern receiving relays, 
called amplifiers (q.v.), operate by causing the signal current to 
deflect or vary a stream of electrons in a vacuous bulb as they 
traverse the space between a pair of electrodes at high potential 
difference, and included in the local circuit. See “ Ionic Relay.” 

RELUCTANCE of a magnetic circuit is the analogue of resistance in an 
electric circuit, and equals the M.M.F. applied to the circuit 
divided by the total flux induced. Its reciprocal is permeance. 

RELUCTIVITY of a medium is the reciprocal of Permeability (q.v.). 

RESIDUAL DISCHARGE is a phenomenon resulting from “ soaking- 
in” (q.v.). When condensers made with certain solid dielectrics 
are charged, left insulated for a time, then suddenly discharged 
and left again for a time, another discharge can be obtained, which 
is usually smaller than the first ; after an equal interval a still smaller 
discharge may be obtained, and so on in a diminishing succession. | 

RESISTANCE. The same voltage acting at the ends of a wire produces 
less current in the wire the longer the wire. This suggests that the 
matter of the conductor offers resistance to the passage of the 
current. When the resistance is constant the current varies 
directly as the voltage—a fact usually called ‘‘ Ohm’s law.” 

The practical unit of. resistance is the ohm—symbol 2. 1 @Q 
=10° e.m. units. 

RESISTANCE, Hicu FREQUENCY, is measured by the quotient of the 
Joulean waste in the conductor and the mean square of the 
current. In a long straight wire the high-frequency resistance is 
larger than the steady current resistance because of the skin effect 
(q.v.). In coils this difference is increased by the unsymmetrical 
action on each wire of the magnetic field threading the coil. 

RESISTIVITY, SURFACE, of an insulating substance is cometimes 
defined as the resistance between two opposite. edges of a surface 
film 1 cm. square. Surface resistivity depends greatly on humidity. 

RESISTIVITY ora MATERIAL, OR SPECIFIC RESISTANCE—symbol p—is 
the resistance of a unit cube, the measuring current being supposed 
to enter at one face and leave at the opposite, and to be uniformly 
distributed throughout the cube. 
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RESONANCE, Execrricat, is the name given to the cumulative effect 
produced by a periodic force, in a circuit so adjusted in frequency 
that the effect can attain the highest value. The effect measured 
is usually the current, and the circuit when so adjusted is said to 
be “in resonance’ with the force, or with the circuit (or waves) 
from which the force comes. ‘The resistance of the circuit puts 
a limit to the value of the current. 

The natural frequency of a circuit in resonance with a force is less 
than that of the force by an amount depending on the log. dec. of the 
circuit, Thusa circuit inresonance is not quite in synchronism (q.v.). 

The above applies strictly to the case of a sustained oscillatory 
force; but is often extended to the case of a damped train. 

RESONANCE CURVE is obtained by observing the currents or voltages 
induced in a resonator by a steadily-acting source of oscillations, at: 
various adjustments of the resonator. Very frequently mean 
square currents are plotted as ordinates, and corresponding 

_ frequencies or wavelengths as abscisse; but as adjustment in 
frequency is usually made by varying a condenser, values of 
resonator capacity are often used as abscisse. 

RESONANCE EFFICIENCY of a receiver for waves of stated damping 
gives a measure of the closeness with which the damped waves 
approach sustained waves as regards effects in the receiving 
circuits. It is defined as energy absorbed from the damped 
waves during a large number of trains + Energy absorbed from 
equal power sinoidal waves in the same time. With average 
good receiving circuits and ordinary damped waves the resonance 
efficiency may be about 80 to 90 per cent. 

RESONANCE TRANSFORMER is the term applied to a low-frequency 
transformer with condenser load when its circuits are adjusted as a 
whole to have about the same natural frequency as the frequency 
of the A.C. supplied to the primary circuit. In resonance working 
the voltage attained at the condenser terminals builds up to 
values several times larger than would otherwise be attained. 

RESONATOR, AcovsTIc, is a vessel containing a volume of air which 
can be easily set into vibration by sound waves or by the oscilla- 
tion of a solid obiect. Typical forms are cylindrical or spherical, 
and the ear is applied to a small tube opening into the air chamber. 

RESONATOR, Execrricat. An oscillatory circuit arranged for easy 
excitation by oscillations in another circuit, or by waves, and 
accompanied by some means of indicating the occurrence of 
maximum response. A radiotelegraphic receiving station is an 
elaborate resonator. A Hertzian Resonator is a ring of wire (not. 
adjustable) with a micrometer spark gap—the passage of sparks 
shows the attainment of resonance. An adjustable resonator 
calibrated in wave lengths is called a “‘ wavemeter.”” 

R.F. Abbreviation for “ Radio Frequency.” 

RHEOSTAT. A conductor of which the resistance can be adjusted. 
The apparatus may take many forms; ¢.9., it may be a set of wire 

_ coils, or a wire winding from an insulating on to a conducting 
drum, or an electrolyte between movable electrodes, or, for very 
high resistances, an ionised gas. 

R.M.S. Abbreviation for Root Mean Square. 

ROOT MEAN SQUARE of a variable current, voltage, &c., in a certain 
time interval is the square root of the time-average of the squared 
values occurring in the interval. For sinoidal variation the 
R.M.S. value of an integral number of half periods is 1/¥/2 
(==0-707) of the maximum. ' 

ROTARY DISCHARGER. A discharger in which the electrodes rotate. 
The rotation serves in some types to cool and renew the operative 
surface of the electrodes, in other types it serves mainly the purpose 
of timing the beginning of the discharge or of modifying its duration 
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ROTARY TICKER. A. ticker (g. v.) in which the interruptions are 
produced by the chattering of a springy brush on a rapidly rotating 
metal wheel. ees 
RUHMKORFF COIL. See “ Inductorium.” 


SAFETY GAP. A spark gap which is connected: in parallel with a 


condenser or other apparatus, and which protects the apparatus 
from excessive voltage by breaking down and short-circuiting it. 


SELECTANCE and SELECTIVITY. Usage varies, and the terms are 
often regarded as synonymous. Selectivity, however, may be 
looked upon as that property of an oscillatory circuit of respond- 
ing vigorously to sinoidal electrical forces of frequency near its 

own natural frequency. Bre 
Seleciance is the measure of the above property for a particular 


resonator or receiver. It is the falling off in response to sinoidal _ 
E.M.¥. as the resonance ¢ondition is departed from, and this ~ 


is inversely proportional to the logarithmic decrement of the 
resonator, 7.¢., directly proportional to L/(CR*), L being the 
inductance, C the capacitance, and R'the resistance of the circuit. 


S.H.M. Abbreviation for Simple Harmonic Motion (gx2.). 
SHOCK EXCITATION. See “Impact Excitation22, 


“SHORTENING. CONDENSER, or ANTENNA TUNING CONDENSER, is 


the condenser connected in series with the antenna for the purpose 
of diminishing the natural wavelength. 
S.1.C. Abbreviation for Specific Inductive Capacity. 


“SIMPLE HARMONIC, or SINOIDAL, VIBRATION, is mathematically the 
simplest type of vibration. In electrical oscillations of simple 
harmonic type, the current and voltage can be expressed by sine 
or cosine functions of an angle that grows uniformly with time. 
For instance, i=T/ sin (pi+o). The greatest value of the current 
is J, which is called the amplitude : p is called the angular velocity 
of vibration and equals 2 times the frequency ; © is called the 
phase angle. ; 

SIMPLE HARMONIC MOTION—abbreviation S.H.M.—is seen when 
a particle moving in a circle with uniform angular velocity is 
viewed from a distant point in the plane of the circle, 


SINOIDAL VIBRATION. See “ Simple Harmonic.” 


SIPHON RECORDER. A moving coil galvanometer adapted fof 
recording signals. The received currents. are. passed to a coil 
suspended in a strong magnetic field, which catries a fine glass 
siphon discharging ink on to a moving paper tape. In cable work 
dots and dashes are usually indicated by opposite deflections, and 
a wavy line on the paper is the record. 


SKIN EFFECT is the name given to the crowding of: alternating or 
oscillatory current into the surface layers of a conductor—a 
phenomenon that is more pronounced the higher the frequency. 


SLUDGING or Transformer Om, is the thickening of the oil, or the 
formation of glutinous deposits, due to the chemical action of 
Oxygen or ozone. The presence of. metallic ‘copper in contact 
with the oil is said to encourage this action catalytically. 

SOAKING-IN, or Exxctric ABSORPTION, is the teri applied to an 
apparent movement of electricity from the armatures into the 
dielectric of certain condensers, when the condenser is left charged 
and insulated. The rate of loss of charge may be great at first but 
gradually gets smaller. On short-circuiting the condenser the 


absorbed charge gradually emerges (see “Residual Discharge’’), 


The phenomena cause solid dielectrics to have an apparently 
smaller inductivity at high frequency than at low.” The absorp- 
tion in an air condenser is inappreciable. 
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TIME CONSTANT of a non-oscillatory circuit is the interval of time 
taken by a current in the circuit to fall, in the absence of applied 
E.M.F., to 1/e or 0-368 of its value at the beginning of the interval. 
In a circuit without capacitance the time constant equals the 
quotient of the inductance and the resistance; in one without 
inductance the time constant equals the product of capacitance 
and resistance. 

TONE WHEEL. A commutator or interrupter for taking received 
oscillations, and (a) rectifying them by running synchronously, 
or (6) producing an audible frequency by running asynchronously 
at a suitable speed. 

TRANSFORMER, in low frequency engineering, is an apparatus or 
machine for taking electrical energy at one voltage and delivering 
it with small loss at another. For example a motor-generator (q.v.) 
is a transformer. A static transformer is without moving parts, 
and has two windings, primary and secondary, linked magnetically 
by an iron core. 

For h.f. work, see ‘‘ Coupling Transformer.” 
See also ‘‘ Frequency Changer.” 

TRANSFORMER RATIO in A.C. static transformers’ is usually taken 
as the ratio of secondary to primary voltage, sometimes as the 
ratio of primary to secondary voltage. For a closed core trans- 
former it is the ratio of the turns in the two windings. 

TRANSFORMER, TUNED. See “Resonance Transformer.” 

TRANSMITTER, in radiotelegraphy, is a term sometimes applied to 
the whole of the electrical portion of a sending set, sometimes to 
the generator of oscillations. In the case of the automatic 
transmitter the term covers only the machine controlling the 
signalling currents. See ‘‘Wheatstone Transmitter.” See also 
“« Telephone Transmitter.” 

TUNED TELEPHONE is one in which the diaphragm is adjusted to be 
the same frequency, in situ, as the current impulses to be indicated. 
In addition the telephone circuit may have its inductance and 
capacitance chosen to have the same electrical frequency, and a 
tuned acoustic resonator may intervene between the diaphragm 
and theear. _. 

TUNED TRANSFORMER. See “Resonance Transformer.” 

TUNING or 4 Crecurr. A term used loosely to denote the adjustment 
to synchronism (q.v.), or to resonance (q.v.)_ Tuning is sharp when 
a small proportional alteration of the frequency causes a large 
proportional alteration of the induced current; it is called flat 
in the other event. These terms “sharp” and “ flat ”’ are not 
drawn from music, but have reference to the shape of the resonance 
curve (q.v.). 

TUNING COIL. See “‘ Lengthening Coil.” 

ULTRAUDION is an audion capable of sustaining oscillations in a 
local circuit and otherwise adapted for beat reception. _ 

UMBRELLA ANTENNA is one in which the elevated conductors are 

‘placed somewhat like the ribs of an opened umbrella. 

UNDAMPED WAVES. See “Sustained Wave Telegraphy.”’ 

VALVE, in radiotelegraphy, usually means a vacuum tube detector 
having a hot cathode and cold anode. A voltage applied between 
anode and cathode sends a larger current one way than the other, 
and therefore an alternating E.M.F. produces current nearly 
unidirectional. See ‘“ Ionic Relay.” 

VANE CONDENSER. A condenser with two sets of parallel semi- 
circular plates, one set carried on a rotating spindle so as to 
interleave variably between the other set. 

VARIOMETER is a name sometimes given to a calibrated variable 

inductance coil. 

VIRTUAL VALUES of variable magnitudes. A synonym for Effective 
or Root Mean Square Values (q.v.). 
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VISUAL VOLTAGE, Inirrat Vourace. The potential at which corona 
(q.v.) starts. . 

VOLT, IntERNATIONAL—symbol V—is defined as the electrical pressure 
which, when steadily applied to a conductor whose resistance is 1 
International ohm, produces a current of 1 International ampere, 
The electromotive force of the Weston cadmium cell is 1-0183 - 
International volts at 20°C. 1V=10%e.m.u. nearly. 

VOLTAGE OR ELECTROMOTIVE FORCE (abbreviation : E.M.F.). 
See ‘‘ Potential Difference.” 

VOLTAMETER. An electrolytic cell in which the amount of chemica] 

change produced by a current is used as the measure of the current. 

VOLTMETER. A direct-reading instrument for the determination of 
the voltage between two points. 

VOLUMERESISTIVITY. See “ Resistivity.” ; 

WATT, InrernatronaL—symbol W—is defined as the energy expended 
per second by an unvarying electric current of 1 International 
ampere under an electrical pressure of 1 International volt. 
1W =] joule per second =10’ ergs per second. 

WATTMETER. An instrument for measuring the power being ex- 
pended in a portion of a circuit traversed by a current. 

WATT-SECOND is the same as Joule (q.v.). 

WAVELENGTH of the electrical oscillations in a circuit means the 
length of waves in free space .hat would have the same frequency 
as the given oscillations. 

WAVELENGTH-—symbol \—or Progressive Wavzs. of simple 

_ harmonic type in a homogeneous medium is the smallest distance, 
measured in the direction of propagation, between two points 
where the disturbance is in the same phase ; or the wavelength is 
the distance travelled by a wave in the periodic time of the 
disturbance at any point. If the places where the disturbance is 
a maximum be called “ crests,”’ and if the crests be parallel, the 
wavelength is the distance from crest to crest. From the above 
it follows that wave velocity —wavelength x frequency. 

WAVELENGTH or Stationary §.H.M. Wavzs on a straight wire is 
the smallest distance between two points where the disturbance is. 
of the same amplitude and phase; or, since consecutive loops 
(q.v.) are in opposite phases, the wavelength is double the distance 
between consecutive loops or consecutive nodes. : 

WAVELENGTH, NATURAL, of an ANTENNA, is sometimes under- 
stood to be that of the fundamental vibration of the unloaded 
antenna, sometimes that of the antenna normally loaded with coil 
or condenser. Approximately the wavelength of an unloaded 
antenna connected direct to earth is just over four times the 
distance from node to loop of the current oscillation. 

WAVEMETER. A calibrated resonator of variable frequency, capable 
of easy excitation by the oscillation under test, combined with a 
means of indicating the attainment of resonance. The calibration 
maybe given directly in wavelengths or frequencies or both. 

WEBER is the Practical unit of magnetic flux. The engineers’ unit is 
the “line” which is also the e.m. unit. 1 Weber=108 e.m.u. 
(or * lines *’), 

WHEATSTONE TRANSMITTER. An apparatus for delivering 
telegraphic currents to aline at high speed. Control is effected by 
aid of a moving perforated paper tape, prepared according to a code. 

WOLLASTON WIRE is platinum wire drawn very fine by the process 
of coating fine platinum wire with ductile material, drawing the 
whole down together, and (if required) removing the coating by 
dissolving it off. > 

Xs, ATMOSPHERICS, STRAYS, STATIC, PARASITIC SIGNALS, 

are names given to the false signals produced in a radio-telegraphic 

receiving station by external natural causes. These causes may be 
discharges of local atmospheric electricity,or may be naturai electric 
waves coming from a distant source, terrestrial or otherwise. 
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